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TITLE OF THE INVENTION 

IMAGE FORMING APPARATUS AND METHOD OF 
CALCULATING TONER CONSUMPTION AMOUNT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming apparatus which 
forms an image using toner, and a technique for calculating a toner 
consumption amount in the image forming apparatus. 

2. Description of the Related Art 

In an image forming apparatus, such as a printer, a copier machine 
and a facsimile machine, which forms an image using toner, it is necessary 
to grasp a consumption amount or the remaining amount of toner, for 
maintenance purposes such as to supply toner. Noting this, in Japanese 
Patent Application Laid-Open Gazette No. 2002-174929, a method of and 
an apparatus for detecting a toner consumption amount has been disclosed 
which permit, by means of a simple structure, to accurately calculate the 
amount of toner which is consumed as a toner image is formed in a 
predetermined unit (e.g., in the unit of a page, a job, etc.). 

Considering that a relationship between the values of print dots and 
a toner consumption amount is non-linear and that the non-linear 
relationship changes also in accordance with the states of dots which are 
adjacent to this print dots, this detection method and the detecting 
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apparatus demand to classify a string of print dots into three patterns of 
isolated dots, consecutive double dots and intermediate value dots, count 
the number of dots forming each pattern and calculate a toner consumption 
amount based on thus obtained counts. 

By the way, although the method and the apparatus described i n 
Japanese Patent Application Laid-Open Gazette No. 2002-174929 allow to 
calculate a toner consumption amount during an ordinary image forming 
operation based on print dots, the method and the apparatus give no 
consideration on an operation under a non-ordinary mode which is 
different from the ordinary image forming operation. However, an 
operation which will eventually lead to a consumption of toner could be 
triggered even during execution of the non-ordinary mode operation. 
Hence, there is a first problem that it is not possible to accurately calculate 
a toner consumption amount when no consideration is given on such an 
operation. 

Further, the only route illustrated in Figs. 2 and 4 of Japanese 
Patent Application Laid-Open Gazette No. 2002-174929 mentioned above 
as a route for inputting a signal to a laser driver is a route for inputting 
pulse signals obtained by modulating print dots by a pulse modulating 
circuit. Despite this, an image forming apparatus may have such a 
structure t hat t here a re multiple o f r outes for feeding s ignals t o a laser 
driver which serves as image forming means. An example is an image 
forming apparatus having a structure in which there is another route for 
inputting a signal which is irrelevant to print dots in addition to the above- 
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mentioned route which is relevant to print dots (hereinafter referred to as 
"the print-dot route"), to thereby form an image which is different from the 
print dots. 

When such an image forming apparatus receives a signal through 
the print-dot route mentioned above and performs an image forming 
operation based on print dots, the amount of toner which is consumed in 
the image forming operation can be calculated according to the method 
and as in the apparatus described in above-mentioned Japanese Patent 
Application Laid-Open Gazette No. 2002-174929. However, when an 
image forming operation which is not based on print dots is executed after 
reception of a signal through another route mentioned earlier, the method 
and the apparatus described in Japanese Patent Application Laid-Open 
Gazette No. 2002-174929 do not allow to calculate the amount of toner 
which is consumed in the image forming operation. In consequence, 
there is a second problem that i t is impossible to accurately calculate a 
toner consumption amount in the image forming apparatus as a whole. 

In addition, as described above, the method and the apparatus 
described in Japanese Patent Application Laid-Open Gazette No. 2002- 
174929 demand to classify a string of print dots into three patterns of 
isolated dots, consecutive double dots and intermediate value dots, count 
the number of dots forming each pattern, calculate the consumption 
amounts of toner in the respective colors recorded on a recording paper 
based on thus obtained counts, add an offset amount to these, and 
accordingly ca lculate the t otal amount o f toner of the r espective colors 
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consumed at this stage. As for the offset amount, Japanese Patent 
Application Laid-Open Gazette No. 2002-174929 describes that "an offset 
amount i s t he a mount oft oner w hich is co nsumed independently o f a n 
exposure time with laser light, and as such, a unique value to each color 
image forming apparatus." In other words, the offset amount mentioned 
above is a constant value. Therefore, the offset amount which is a 
constant value is added to the toner consumption amounts calculated based 
on the counts described earlier, whereby the total amount of the consumed 
toner are calculated. 

By the way, in recent image forming apparatuses, in an attempt to 
improve the convenience of use, an engine section (image forming means) 
which performs formation of an image is provided with an operation signal 
containing various information from a host computer or a controller such 
as a main controller which deciphers a print command signal fed from the 
host computer. This gives rise to a third problem that in such an image 
forming apparatus, when an operation sequence, an operating state or the 
like of the engine section changes in response to the operation signal, if the 
offset amount is fixed to a constant value as in the case of the method and 
the apparatus described in Japanese Patent Application Laid-Open Gazette 
No. 2002-174929, it may not be possible to accurately calculate the 
amount of consumed toner. 

Further, as described above, the method and the apparatus 
described in Japanese Patent Application Laid-Open Gazette No. 2002- 
174929 demand to classify a string of print dots into three patterns of 
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isolated dots, consecutive double dots and intermediate value dots, count 
the number of dots forming each pattern and calculate the total amount of 
toner which constitutes a toner i mage (hereinafter referred to as "image 
constituting toner") based on thus obtained counts. 

Still further, considering that there is toner which gets consumed 
separately from image constituting toner during formation of a toner image, 
an offset value (unique value) is added to the total amount mentioned 
above and the resultant value is used as a toner consumption amount. 
That is, as is already known in the art, even during execution of an image 
forming operation to form a white image, i.e., to form no print dot at all, 
so-called fogging occurs and a small amount of toner is consumed. 
Noting this, the amount of thus consumed toner is added, to thereby 
improve the accuracy of calculating a toner consumption amount. 

In the case of such an image forming apparatus, to stably form a 
toner image, it is desirable that characteristics of toner to use remain 
constant. However, it is known that in an actual apparatus, as toner 
images are formed repeatedly, the image density of a toner image could 
sometimes gradually change. Characteristics of toner are thus not always 
constant but could change with time. How this change occurs is different 
depending on the structure of an apparatus or toner to be used. For 
instance, this type of image forming apparatus accompanies a phenomenon 
called "selective development," i.e., a phenomenon that in the case of toner 
containing particles having various particle diameters, toner having certain 
particle diameters is selectively consumed during development. Due to 
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this, a particle diameter distribution of remaining toner gradually changes. 
Changes of toner characteristics with time of course influence the quality 
of a toner image which i s formed, and also brings about changes of an 
offset value mentioned earlier. 

It is also known that in this type of image forming apparatus, the 
quality of an image such as the density of the image is controlled, as image 
forming conditions are changed which consist of various factors such as a 
bias potential w hich is applied u pon ea ch portion o f t he a pparatus. In 
addition, the image density of a toner image may change owing to a 
difference between individual apparatuses, a change with time, a change in 
environment surrounding the apparatus such as a temperature and a 
humidity level, etc. Therefore, image forming conditions which are 
influential over image densities among those factors are adjusted, thereby 
controlling image densities. The amount of fogging also changes as 
image forming conditions are changed, and an offset value also changes as 
the image forming conditions are changed. 

Once the offset value has changed, in the case of a conventional 
image forming apparatus in which the offset value is to be fixed, a 
calculated toner consumption amount becomes different from an actual 
amount and it could therefore become difficult to supply toner at proper 
timing. Here arises a fourth problem to provide a technique which 
permits to calculate a toner consumption amount at a higher accuracy 
regardless of a change with time of the offset value. 

By the way, over the recent years, capabilities of color image 
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forming apparatuses have improved and there now is a risk that 
unauthorized use could be made of these improved apparatuses. A 
technique which has been proposed in an effort to prevent unauthorized 
printing against this background is to add, to an image to be printed with 
an image forming apparatus, namely, an original image, a special image 
which identifies this image forming apparatus or specifies a person who 
has printed. As shown in Fig. 26 for instance, in the event that one 
wishes to print in colors a map containing a confidential item on a sheet S 
such as a transfer paper, a copy paper and a sheet for overhead projector 
(hereinafter referred to as "OHP sheet"), among output color components 
(which are magenta, cyan, yellow and black for example) available in the 
image forming apparatus, one which is least noticeable to human eyes 
(yellow, for instance) may be used to print a special image SI which 
expresses a serial production number of the image forming apparatus or 
the like. 

In the case of an i mage forming apparatus capable of printing a 
special image SI, a special image SI is printed over an original image in 
some instances. As compared to where an original image alone is printed, 
toner of the output color component which is least noticeable to h uman 
eyes is consumed in the amount equivalent to the printing of the special 
image SI. Hence, there is a fifth problem that a direct application of the 
toner consumption amount calculation t echnique i mplemented i n such a 
conventional apparatus which is supposed to print an original image alone 
would not make it possible to accurately calculate the consumption amount 
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of toner which constitutes a special image SI. 

SUMMARY OF THE INVENTION 

The p resent invention has b een made to s olve the first problem 
described above. Accordingly, a first object of the present invention is to 
provide an image forming apparatus and a toner consumption amount 
calculating method which, considering a consumption of toner during other 
operation than an ordinary image forming operation, allow to accurately 
calculate a toner consumption amount. 

The present invention has been made also to solve the second 
problem described a bove. Accordingly, a s econd o bject of t he p resent 
invention is to provide an image forming apparatus and a toner 
consumption amount calculating method which, even when applied to such 
an image forming apparatus in which there are multiple of routes for 
feeding signals to image forming means, permit to accurately detect the 
amount of toner which is consumed when an image is formed in response 
to a signal received via each route and hence accurately calculate a toner 
consumption amount. 

The present invention has been made also to solve the third 
problem described above. Accordingly, a third object of the present 
invention is to accurately calculate the amount of toner consumed during 
each toner image forming operation in an image forming apparatus in 
which the toner image forming operations change in accordance with an 
operation signal which is sent from a controller to image forming means. 
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The present invention has been made also to solve the fourth 
problem described above. Accordingly, a fourth object of the present 
invention is to provide an image forming apparatus and a toner 
consumption amount calculating method which make it possible to 
accurately calculate the amount of toner in a predetermined unit which is 
consumed as a toner image is formed. 

The present invention has been made also to solve the fifth 
problem described above. Accordingly, a fifth object of the present 
invention is to h ighly accurately calculate the amount of toner which i s 
consumed i n a n image forming apparatus w hich p rints a predetermined 
special image of a color component which is not easily recognizable to a 
human eye on an original image during color printing of the original image 
using toner in a plurality of color components. 

According to a first aspect of the present invention, there is 
provided an image f orming apparatus which forms a toner i mage on an 
image carrier based on image data which are fed, wherein a toner 
consumption amount i s calculated based on a total of a f irst integrating 
value which is obtained by integrating a first toner amount which is 
consumed during an ordinary toner image forming operation, and a second 
integrating value which is obtained by integrating a second toner amount 
which is consumed during an operation under a non-ordinary mode which 
is different from the ordinary toner image forming operation. 

According to a second aspect of the present invention, there is 
provided an image forming apparatus, comprising: image forming means 
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which forms a toner image on an image carrier based on an image signal 
which is fed; and detecting means which detects a toner amount of toner 
which is consumed as the image forming means forms a toner image, 
wherein a toner consumption amount is calculated based on an integrating 
value which is obtained by integrating the toner amount detected by the 
detecting means, as routes for feeding the image signal to the image 
forming means, a first route and a second route which is different from the 
first route are provided, and the detecting means executes a first toner 
amount detecting process which is based on the image signal which is fed 
to the image forming means through the first route, executes a second 
toner amount detecting process which is based on the image signal which 
is fed to the image forming means through the second route, and ensures 
that the first toner amount detecting process is different from the second 
toner amount detecting process. 

According to a third aspect of the present invention, there is 
provided an image forming apparatus, comprising: image forming means 
which forms a toner image on an image carrier in a predetermined unit 
based on an operation signal inputted from a controller; consumption 
amount calculating means which adds a toner amount of toner which i s 
used in an ordinary toner image formed by the image forming means and a 
toner amount, as an offset value, of toner which is consumed separately 
from the toner which is used in the ordinary toner image, to thereby 
calculate a toner consumption amount of toner consumed through a toner 
image forming operation which is performed by the image forming means; 
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and offset value setting means which changes the offset value in 
accordance with an operation signal inputted from the controller. 

According to a fourth aspect of the present invention, there is 
provided an image forming apparatus which forms a toner image in a 
predetermined unit, comprising: consumption amount calculating means 
which adds a total amount of image constituting toner which constitutes 
the toner image and a toner amount, as an offset value, of toner which is 
consumed in forming the toner image separately from the image 
constituting toner, thereby calculating, in the predetermined unit, a toner 
consumption amount o f toner w hich i s co nsumed as t he toner i mage is 
formed; and offset value setting means which changes the offset value in 
accordance with an operating state of the apparatus. 

According to a fifth aspect of the present invention, there is 
provided an image forming apparatus which forms a toner image in a 
predetermined unit, comprising: consumption amount calculating means 
which adds a total amount of image constituting toner which constitutes 
the toner image and a toner amount, as an offset value, of toner which is 
consumed in forming the toner image separately from the image 
constituting toner, thereby calculating, in the predetermined unit, a toner 
consumption amount o f toner w hich i s co nsumed as t he toner i mage is 
formed; and offset value setting means which changes the offset value in 
accordance with a history of use of toner. 

According to a sixth aspect of the present invention, there is 
provided an image forming apparatus which forms a toner image in a 
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predetermined unit, comprising: consumption amount calculating means 
which adds a total amount of image constituting toner which constitutes 
the toner image and a toner amount, as an offset value, of toner which is 
consumed in forming the toner image separately from the image 
constituting toner, thereby calculating, in the predetermined unit, a toner 
consumption amount o f toner w hich i s co nsumed as t he toner i mage is 
formed; and offset value setting means which changes the offset value in 
accordance with an image forming condition which is used in forming the 
toner image. 

According to a seventh aspect of the present invention, there is 
provided an image forming apparatus in which at the time of color printing 
of an original image using toner in a plurality of color components, a 
predetermined special image formed using toner in a color component 
which is hard for human eyes to recognize is superimposed on the original 
image, the apparatus comprising: consumption amount calculating means 
which adds a total amount of image constituting toner which constitutes 
the toner image and a toner amount, as an offset value, of toner which is 
consumed during the color printing separately from the image constituting 
toner, thereby calculating a toner consumption amount in a predetermined 
unit, for each color component; and storage means which stores a plurality 
of offset values corresponding to the plurality of color components 
respectively, wherein the offset value corresponding to the color 
component used in forming the special image is set to be larger than the 
offset values corresponding to the other color components. 
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The above and further objects and novel features of the invention 
will more fully appear from the following detailed description when the 
same is read in connection with the accompanying drawings. It is to be 
expressly understood, however, that the drawings are for purpose of 
illustration only and are not intended as a definition of the limits of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing which shows a first preferred embodiment of an 
image forming apparatus according to the present invention; 

Fig. 2 is a block diagram which shows an electric structure of the 
image forming apparatus shown in Fig. 1; 

Fig. 3 is a block diagram which shows the structure of a dot 
counter; 

Fig. 4 is an explanatory drawing for describing a dot counting 
sequence; 

Fig. 5 is a flow chart which shows a toner counting process (1); 

Fig. 6 is a f low ch art w hich s hows a n image forming co ndition 
adjusting operation; 

Fig. 7 is a flow chart which shows a toner counting process (2); 

Fig. 8 is a flow chart which shows a toner counting process (3); 

Figs. 9A and 9B are drawings which show an example of changes 
of a toner particle diameter distribution; 

Fig. 10 is a block diagram which shows an electric structure of an 
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image forming apparatus according to a second preferred embodiment; 

Fig. 11 is a flow chart which shows a toner counting process (4); 

Fig. 12 is a flow chart which shows an image forming condition 
adjusting operation in the second preferred embodiment; 

Fig. 13 is a flow chart which shows a toner counting process (5); 

Fig. 14 is a block diagram which shows an electric structure of an 
image forming apparatus according to a third preferred embodiment; 

Figs. 15 A and 15B are development views of an intermediate 
transfer belt; 

Fig. 16 is a drawing which shows an example of offset value table 
data stored in a memory; 

Fig. 17 is a flow chart which shows a toner counting process (6); 

Fig. 18 is a drawing which shows a fourth preferred embodiment of 
the image forming apparatus according to the present invention; 

Fig. 19 is a block diagram which shows an electric structure of the 
image forming apparatus shown in Fig. 18; 

Fig. 20 is a flow chart which shows a toner counting process (7) 
during execution of an image forming operation; 

Figs. 21A and 21B are drawings which show an example of 
changes of a toner particle diameter distribution; 

Fig. 22 is a flow chart which shows an offset value changing 
process in the fourth preferred embodiment of the present invention; 

Fig. 23 is a flow chart which shows a fifth preferred embodiment 
of the image forming apparatus according to the present invention; 
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Fig. 24 is a block diagram which shows an electric structure of the 
image forming apparatus according to a sixth preferred embodiment; 

Fig. 25 is a flow chart which shows a toner counting process (8) 
during execution of an image forming operation; and 

Fig. 26 is a drawing of an image which is obtained by 
superimposing a special image over an original image. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<FIRST PREFERRED EMBODIMENT 

Fig. 1 is a drawing which shows a first preferred embodiment of an 
image forming apparatus according to the present invention. Fig. 2 is a 
block diagram which shows an electric structure of the image forming 
apparatus shown in Fig. 1. This apparatus is an image forming apparatus 
which superimposes toner in four color components of yellow (Y), 
magenta (M), cyan (C) and black (K) to thereby form a full color image or 
forms a monochrome image using black (K) toner alone. 

In this image forming apparatus, as a print command and image 
data are fed to a main controller 11 of a control unit 1 from an external 
apparatus such as a host computer, the main controller 11 outputs control 
commands to the respective portions of the apparatus, and based on the 
image data thus supplied, an image signal expressing an image to be 
formed as a m ulti-gradation pr int d ot string is g enerated f or ea ch t oner 
color component and outputted to an engine controller 12. In accordance 
with a command from the main co ntroller 11, the engine controller 12 
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controls the respective portions of an engine EG and an image 
corresponding to the image signal is formed on a sheet S. 

In the engine EG, a photosensitive member 2 is disposed in such a 
manner that the photosensitive member 2 can f reely rotate i n the arrow 
direction Dl shown in Fig. 1. Disposed around the photosensitive 
member 2 are a charger unit 3 which charges a surface of the 
photosensitive member 2 to a predetermined surface potential, a rotary 
developer unit 4 and a cleaning unit 5 along the rotation direction Dl of 
the photosensitive member 2. The charger unit 3 is provided with a 
charging bias from a charging bias generator 121, and uniformly charges 
an outer circumferential surface of the photosensitive member 2. 

An exposure unit 6 irradiates a light beam L upon the outer 
circumferential surface of the photosensitive member 2 which is charged 
by the charger unit 3. As shown in Fig. 2, the exposure unit 6 is 
electrically connected with an exposure power controller 123. Based on a 
modulating signal corresponding to the image signal fed via an image 
signal switcher 122, the exposure power controller 123 controls the 
respective portions of the exposure unit 6, whereby the photosensitive 
member 2 is exposed with the light beam L and an electrostatic latent 
image corresponding to the image signal is formed on the photosensitive 
member 2. 

For instance, in accordance with a command from a CPU 124 of 
the engine controller 12, when the image signal switcher 122 makes 
contact t o a pattern generating module 125 (an o peration under a non- 
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ordinary mode which will be described later), the modulating signal 
corresponding to an image pattern outputted from the pattern generating 
module 125 is fed to the exposure power controller 123, whereby an 
electrostatic latent image is formed. 

On the other hand, when the image signal switcher 122 makes 
contact to a CPU 111 o f the m ain controller 1 1 (an operation u nder a n 
ordinary mode which will be described later), a modulating signal 
generator 2 10 modulates the i mage signal fed t hrough an interface 112 
from an external apparatus such as a host computer, and supplies the 
modulating signal to the exposure power controller 123. The light beam 
L based on the modulating signal exposes the photosensitive member 2, 
and an electrostatic latent image corresponding to the image signal is 
formed on the photosensitive member 2. As a modulation method, 
various pulse modulation such as pulse width modulation (PWM) and 
pulse amplitude modulation (PAM) can be used. 

The rotary developer unit 4 visualizes thus formed electrostatic 
latent image. In other words, as the rotary developer unit 4, a black 
developer 4K, a cyan developer 4C, a magenta developer 4M and a yellow 
developer 4Y are axially disposed for free rotations according to this 
embodiment. These developers 4K, 4C, 4M and 4Y rotate to certain 
positions, thereby selectively positioning developer rollers 40K, 40C, 40M 
and 40Y of the developers 4K, 4C, 4M and 4Y facing against the 
photosensitive member 2. A developing bias generator 126 applies a 
developing bias, and the developer roller supplies the toner of the selected 
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: color t o the surface of the photosensitive member 2. As a result, the 
/ electrostatic latent image on the photosensitive member 2 is visualized in 
the color of t he selected t oner. In this e mbodiment, the ph otosensitive 
member 2 thus functions as an "image carrier" of the present invention. 

The toner image developed by the rotary developer unit 4 in the 
manner described above is primarily transferred onto an intermediate 
transfer belt 71 of a transfer unit 7, within a primary transfer area TR1. 
Further, a cleaning section 5 is disposed at a position ahead of the primary 
transfer area TR1 in the circumferential direction (the rotation direction Dl 
shown in Fig. 1). A cleaning blade 51 scrapes off toner which remains on 
the outer circumferential surface of the photosensitive member 2 after the 
primary transfer. In addition, a static eraser (not shown) resets the surface 
potential of the photosensitive member 2 when the need arises. 

The transfer unit 7 comprises the intermediate transfer belt 71 
which runs across a plurality of rollers and a driver (not shown) which 
drives the intermediate transfer belt 71 into rotations. For transfer of a 
color image onto a sheet S, toner images in the respective colors formed on 
the photosensitive member 2 are superimposed one atop the other on the 
intermediate transfer belt 71, whereby a color image is formed. In a 
predetermined secondary transfer area TR2, the color image is secondarily 
transferred onto a sheet S which has been fed out from a cassette 8. The 
sheet S on which the color image has been thus formed is transported to a 
discharge tray part, which is disposed to a top surface portion of an 
apparatus body, via a fixing unit 9. After the secondary transfer, a cleaner 
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(not s hown) removes t oner which is left r emaining on t he intermediate 
transfer belt 71. 

A patch sensor PS is disposed facing against the surface of the 
intermediate transfer belt 71. During execution of an image forming 
condition adjusting operation which will be described later, the patch 
sensor PS detects optically image density of a patch image formed on the 
outer circumferential surface of the intermediate transfer belt 71. 

As shown in Fig. 2, unit-side communicating sections 41 K, 41C, 
41M and 41Y are disposed respectively to the developers 4K, 4C, 4M and 
4Y, and the unit-side communicating sections 41 K, 41C, 41M and 41 Y are 
electrically connected respectively with memories 42K, 42C, 42M and 
42Y. The memories 42K, 42C, 42M and 42Y store various types of data, 
such as production batches, histories of use, characteristics of toner which 
is held and the amounts of the remaining toner, related to the respective 
developers 4K, 4C, 4M and 4Y. A body-side communicating section 128 
electrically connected with the CPU 124 is disposed to the apparatus body. 

When one of the developer rollers 40K, 40C, 40M and 40Y of the 
respective developers 4K, 4C, 4M and 4Y is selected and positioned facing 
against the photosensitive member 2, the unit-side communicating section 
of this developer comes positioned f acing the body-side communicating 
section 1 28 at or within a predetermined distance which is 10 mm for 
instance, thereby realizing n on-contact transmission of data between the 
communicating sections by m eans of a wireless communication such as 
one using an infrared ray. In this manner, the CPU 124 manages various 
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information such as whether this developer remains attached, whether the 
developer is brand new and the lifetime of the developer. 

This embodiment requires to use electro-magnetic means such as a 
wireless communication for the purpose of attaining non-contact data 
transmission. An alternative however is to dispose connectors one each 
to the apparatus body and the developers 4K, 4C, 4M and 4Y and to 
mechanically engage the connector of the apparatus body with the 
developer's connector for mutual data transmission when one of the 
developers 4K, 4C, 4M and 4Y is selected and positioned facing against 
the photosensitive member 2. The memories 42K, 42C, 42M and 42Y are~ 
preferably non-volatile memories which can save data regarding the 
developers 4K, 4C, 4M and 4Y even when a power source is off or the 
developers 4K, 4C, 4M and 4Y are off the apparatus body. EEPROMs 
such as flash memories, ferroelectric memories (ferroelectric RAMs), or 
the like may be used as such non- volatile memories. 

In Fig. 2, an image memory 113 disposed to the main controller 11 
is for storing image data which are fed through the interface 112 from an 
external apparatus such as a host computer. Meanwhile, a memory 127 
disposed to the engine controller 12 is formed by a ROM which stores a 
control program to be executed by the CPU 124, a RAM which 
temporarily stores the result of a calculation performed by the CPU 124, 
control data for controlling the engine EG, etc. The main controller 11 of 
this image forming apparatus further comprises a dot counter 200. 

Fig. 3 is a block diagram which shows the structure of the dot 
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counter. Fig. 4 is a drawing which shows an example of the gradation 
levels of print dots and which is for describing the sequence of counting 
executed by the dot counter. Based on the image signal outputted from 
the main co ntroller 11 to t he e ngine co ntroller 12, t he d ot co unter 200 
judges the types of print dots formed on the photosensitive member 2, and 
counts the number of the print dots. To be more specific, the dot counter 
200 comprises a comparator 201, a judging circuit 202 and three counters 
203 through 205. 

As shown in Fig. 3, the comparator 201 receives the image signal 
which has been fed to the engine controller 12 from the CPU 111 of the 
main controller 11. The comparator 201 compares the gradation level of 
the image signal corresponding to each print dot with predetermined 
threshold values LI and L2. The threshold value LI is set to a value (e.g., 
1/63 of the highest level MAX) which is close to a gradation level 0 
(namely, a white image), and the threshold value L2 is set to a value (e.g., 
48/63 of MAX) which is close to the highest gradation level MAX (namely, 
a solid image). The comparator 201 outputs a value "11" to the judging 
circuit 202 when the gradation level is equal to or larger than the threshold 
value L2, but a value "00" to the judging circuit 202 when the gradation 
level is smaller than the threshold value LI. In response, the judging 
circuit 202 judges whether the print dots are lined up in succession, i.e., 
whether there are neighboring dots next to a target print dot, and outputs a 
signal indicative of the result to the subsequent counters 203 through 205. 

The operation of the judging circuit 202 will now be described in 
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more detail. Every time the comparator 201 outputs the signal "11" 
which represents detection of a print dot whose gradation level is the same 
as or higher than the threshold value L2, the judging circuit 202 outputs a 
signal "1" to the counter 203. Hence, the counter 203 integrates a count 
CI of print dots whose gradation levels are the same as or higher than the 
threshold value L2. In Fig. 4, the print dots 1, 2, 3, 6 and 13 are such 
print dots, and therefore, CI = 5. 

When there are three or more successive print dots whose gradation 
levels are the same as or higher than the threshold value L2, the judging 
circuit 202 outputs the signal "1" to the counter 204. Hence, the counter 
204 integrates a count C2 of the three or more successive dots. In Fig. 4, 
the print dots 1 through 3 are such print dots, and therefore, C2 = 1. 

Further, when the target print dot has no n eighboring dot whose 
gradation level is equal to or higher than the threshold value LI, that is, 
when this print dot is an isolated dot, the judging circuit 202 outputs the 
signal "1" to the counter 205. The counter 205 therefore integrates a 
count C3 of isolated dots. In Fig. 4, the print dots 6 and 13 are such print 
dots, and therefore, C3 = 2. 

In this fashion, the counters 203 through 205 respectively integrate 
the count CI of high-gradation-level print dots, the count C2 of three or 
more successive d ots a mong the high-gradation-level pr int d ots a nd t he 
isolated dot count C3, and these values are stored in a memory 211 every 
time one toner image of one color is formed for instance. At 
predetermined timing (e.g., when toner images of the four colors have been 
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formed, upon a data request from the CPU 124, or the like), the memory 
211 sends these values to the GPU 124 of the engine controller 12. The 
values are stored in the memory 127 when needed, and used for calculation 
of a remaining toner amount which will be described later. 

In the image forming apparatus having such a structure described 
above, as a print command is fed from an external apparatus such as a host 
computer, an ordinary image forming operation to form an image 
corresponding to the print command is carried out. To be more specific, 
the print command which is an image forming request from the external 
apparatus and image data which correspond to the content of an image to 
be formed are supplied to the main controller 11 through the interface 112. 
The CPU 111 of the main controller 11 decomposes the received image 
data into each toner color, develops the image data into a multi-gradation- 
level image signal, and outputs the image signal to the engine controller 12 
via the modulating signal generator 210. In response, the CPU 124 of the 
engine controller 12 executes the image forming operation described above 
while controlling the respective portions of the engine EG, whereby a 
desired i mage is f ormed on a sheet S . At this stage, the image s ignal 
switcher 122 is connected in such a manner that the image signal from the 
main controller 11 will be sent to the exposure power controller 123 i n 
accordance with a command from the CPU 124. 

Fig. 5 is a flow chart which shows a toner counting process during 
execution of the ordinary image forming operation. In this image 
forming apparatus, f or the convenience of management of consumables, 
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the CPU 124 of the engine controller 12 executes the toner counting 
process (1) shown in Fig. 5 every time one image is formed, and calculates 
the amounts of the toner remaining in the developers 4Y, ... for the 
respective toner colors. While a method of calculating the amount of 
toner remaining in the developer 4Y will now be described in relation to 
the yellow color, the operation is the same also for the other toner colors. 

In the toner counting process (1) shown in Fig. 5, first, the counts 
CI, C2 and C3 of the print dots counted by the dot counter 200 are 
acquired (Step SI). These values are multiplied by predetermined 
coefficients respectively and added to each other, thereby calculating a 
value Ts (Step S2). That is: 

Ts = Kx • (Kl • CI + K2 • C2 + K3 ■ C3) 
The symbols Kx, Kl, K2 and K3 are weighting coefficients which have 
been determined in advance one each for each toner color. As the 
successive print dots are counted as one group and the respective counts 
are multiplied by the coefficients, the amount of toner which adheres on 
the photosensitive member 2 which serves as the image carrier and 
accordingly constitutes a toner image is accurately calculated. Such a 
method of calculating a toner amount is described in detail in above- 
mentioned Japanese Patent Application Laid-Open Gazette No. 2002- 
174929 and will not be described here. 

Next, the amount Tr of toner remaining in the developer 4Y stored 
in the memory 127 of the engine controller 12 is read out (Step S3). A 
value obtained by subtracting the value Ts calculated as described above 
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from this v alue Tr is then defined as a new toner remaining amount Tr 
(Step S4). 

This kind of image forming apparatus is known to consume a very 
small amount of toner even when a white image is formed, i.e., even 
during execution of the image forming operation for printing no print dot 
at all. This occurs as a part of incompletely charged toner or inversely 
charged toner moves onto the photosensitive member 2 from the developer 
4Y or a part of toner is scattered into inside the apparatus during execution 
of the image forming operation. Adhesion of such toner to an image is 
recognized as fogging. 

Noting a loss of toner owing to this phenomenon, this embodiment 
requires to set a drive offset value Tod corresponding to the driving time of 
this developer. The drive offset value Tod i s calculated by m ultiplying 
the driving time of the developer 4Y by a value which has been obtained 
through an experiment or the li ke as a toner scattering amount per u nit 
time in the developer 4Y (Step S5). The driving time of the developer 4Y 
may be a time during which the developing bias is applied upon the 
developer 4Y, the driving time of the developer roller 40Y which transports 
the toner housed within the developer 4Y to the opposed position facing 
the ph otosensitive member 2 , o r the like. Further, s ince t he developer 
driving time per sheet is usually approximately constant when a sheet size 
is constant, the drive offset value Tod may be determined for each sheet 
size in advance and stored in the memory 127. In this case, at the step S5, 
the d rive o ffset value Tod co rresponding t o the s ize o f a n image t o be 
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formed may be extracted from the memory 127. 

Thus calculated drive offset value Tod is subtracted from the toner 
remaining amount Tr calculated at the step S4 (Step S6), thereby 
calculating a n ew toner r emaining a mount Tr o f t oner remaining in t he 
developer 4Y after an image has been formed. The memory 127 is 
updated with this value Tr (Step S7). 

As described above, the total (Ts + Tod) of the sum of products Ts, 
which is obtained from the respective dot counts CI, ... and the weighting 
coefficients Kl, and the drive offset value Tod is the amount of toner 
which is consumed when one image is formed. A toner consumption 
amount is calculated every time one image is formed, and subtracted from 
the immediately precedent toner remaining amount, whereby the amount 
Tr of the toner remaining in the developer 4Y at present (at the end of the 
forming of the images) is calculated. 

Although this embodiment requires that a toner consumption 
amount per image is subtracted from the initial amount of the toner housed 
in each developer and the amount of toner remaining in the developer upon 
forming of every image is consequently calculated, it is needless to 
mention that this is theoretically equivalent to calculation of the total toner 
consumption amount by means of integration of a toner consumption 
amount per image. In t his p referred e mbodiment, t he a mount oft oner 
which is consumed when one image is formed corresponds to a "first toner 
amount" of the present invention and the value calculated by integrating a 
toner amount corresponds to a "first integrating value" of the present 
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invention. 

It is preferable that in the developers 4Y, ... which are structured to 
be attachable to and detachable from the apparatus body, prior to removal 
of the respective developers from the apparatus body, the toner remaining 
amounts Tr in the respective developers calculated as described above are 
stored in the memories 42 Y, ... Upon attaching of the respective 
developers to the apparatus body, the toner remaining amounts in the 
respective developers stored in the memories 42 Y, ... are read out and used 
as initial toner remaining amounts Tr which are required by the toner 
counting process ( 1) d escribed above, w hich makes m anagement o f t he 
lifetime of the developers easy. Of course, in the case of a brand new 
developer, the amount of toner filled in the developer at the time of 
shipment may be stored. 

In addition, in this embodiment, the end of toner in the developer 
4Y is judged based on the toner remaining amount Tr of toner remaining 
after an image has been formed. That is, thus calculated toner remaining 
amount Tr is compared with a m inimum t oner amount Tmin which h as 
been set in advance for the developer 4Y (Step S8), and when the toner 
remaining amount Tr is smaller than the minimum toner amount Tmin, the 
toner end is acknowledged and the main controller 11 is informed of the 
toner end (Step S9). On the other hand, when the toner remaining 
amount Tr is equal to or larger than the minimum toner amount Tmin, the 
toner counting process is ended without informing the toner end. 

The minimum toner amount Tmin is the minimum necessary toner 
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amount for the developer 4Y which the developer 4Y demands in order to 
form an excellent image. In other words, when an image is formed while 
the toner amount within the developer is smaller than the value Tmin, a 
serious deterioration of an image quality such as an insufficient image 
density and a blur becomes likely. Noting this, the toner end is 
acknowledged when the toner remaining amount Tr becomes smaller than 
the minimum toner amount Tmin as described above, whereby the timing 
of exchanging the developer 4Y is accurately grasped. 

An operation of the main controller 11 upon notification of the 
toner end from the engine controller 12 may be determined freely. For 
instance, a toner end message for a user may appear on a display which is 
not shown in the drawing, to thereby encourage the user to exchange the 
developer. At this stage, continuation of the image forming operation 
may be allowed, or alternatively, the image forming operation may be 
prohibited. Further alternatively, when the toner-end developer is other 
than the black developer 4K, a monochrome image alone may be formed 
using black toner continuously at this stage. 

By the way, this image forming apparatus is capable of executing 
more than one operation as a non-ordinary mode operation which is not the 
ordinary image forming operation described above. A toner consumption 
amount upon execution of each such operation is calculated in advance and 
stored in the memory 127 as a test pattern offset value Totn (where n is 1, 2 
and 3 in this embodiment) or a steady offset value Tn (where n is 1, 2, 3 
and 4 in this embodiment) as described later in detail. These operations 
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will now be described. 

(IMAGE FORMING CONDITION ADJUSTING OPERATION) 
Fig. 6 is a flow chart which shows the i mage forming condition 
adjusting operation. The image forming condition adjusting operation 
aims at co ntrol ofan image d ensity to a t arget d ensity b y a djusting a n 
image forming condition at predetermined timing such as immediately 
after turning on of the apparatus, when a predetermined number of images 
have been formed, or the like. During the image forming condition 
adjusting operation, patch images having a predetermined pattern are 
formed while changing the developing bias, which serves as a density 
controlling factor influencing an image density, over multiple levels (Step 
Sll). Next, at the timing that the patch images which have been 
transferred onto the intermediate transfer belt 71 arrive at an opposed 
position facing the patch sensor PS, the patch sensor PS detects the image 
densities of the patch images (Step S12), and a relationship between the 
image densities and the developing bias is calculated. The value of the 
developing bias which makes the image densities coincide with the target 
density is calculated based on thus identified relationship, and the value 
calculated in this manner is used as an optimal value of the developing bias 
(Step S13). 

Upon calculation of the optimal value of the developing bias, 
images will then be formed while setting the developing bias to this 
optimal value. The images are consequently formed at the target image 
density. A number of techniques have been proposed as such a density 
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controlling technique. Any desired technique such as these known 
techniques can be applied to the image forming condition adjusting 
operation according to this embodiment. Hence, density controlling 
techniques will not be described in detail. 

A plurality of patch images are formed during the image forming 
condition adjusting operation as described above. Each patch image may 
be large enough just to the extent allowing detection of the density of the 
patch image by the patch sensor PS (a few centimeters times a few 
centimeters, for example). The pattern of each patch image may be 
relatively simple, such as a solid image and an image in which dots are 
arranged orderly. Hence, supplying of an image signal representing such 
patch images from the main controller 11 is not necessary, and the pattern 
of the patch images may be formed independently within the engine 
controller 12. In this embodiment, the pattern generating module 125 
(Fig. 2) disposed in the engine controller 12 serves to generate a pattern 
which serves as a patch image. That is, during the image forming 
condition adjusting operation, the CPU 124 outputs a control command to 
the pattern generating module 125 so as to output an image signal 
corresponding to a patch image, and controls the image signal switcher 122 
so that an output from the pattern generating module 125 will be fed to the 
exposure power controller 123. In consequence, an electrostatic latent 
image corresponding to the patch image pattern is formed on the 
photosensitive member 2. 

The image forming condition adjusting operation also aims at 
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adjustment of an operating condition of the engine EG so as to obtain a 
desired image density, and as such, can be executed independently of the 
operation of the main controller 11. Therefore, with the patch image 
pattern generated within the engine controller 12, the main controller 11 
does not need to be involved in this operation. This improves the 
processing efficiency of the main controller 11, since the main controller 
11 is able to carry out the processing for forming the next image for 
instance while the engine controller 12 performs its operation. 

Execution of the image forming condition adjusting operation also 
leads to a consumption of toner which is held within the developer. It is 
not possible to calculate the toner consumption amount at this stage based 
on an image signal from the main controller 11. In this embodiment 
therefore, as shown in Fig. 6, after optimization of the developing bias, in 
order to calculate the amount of toner consumed during the image forming 
condition adjusting operation, a toner counting process (2) which is 
different from the toner counting process (1) described earlier is executed 
(StepS14). 

During the image forming condition adjusting operation, since the 
pattern of a patch image to be formed is already known, it is possible to 
estimate the amount of toner which will adhere on the photosensitive 
member 2 as a patch image. Therefore, this toner amount is calculated in 
advance through an experiment and stored as a test pattern offset value 
Totl in the memory 127. During the toner counting process (2), the offset 
value Totl is subtracted from the immediately precedent toner remaining 
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amount every time a patch image is formed, and the amount of toner 
remaining in the developer is calculated. This is a major difference from 
the toner counting process (1) during which a print dot count is calculated 
from an image signal. The specific sequence of the toner counting 
process (2) will be described later while referring to Fig. 7. 
(TEST PATTERN FORMING OPERATION) 

Further, as an operation under the non-ordinary mode described 
above, this apparatus executes an operation of forming on a sheet S a toner 
image which will serve as a test pattern which a user uses to visually 
confirm an image qu ality. - This t est p attern is also o utputted from the 
pattern generating module 125. Hence, the toner consumption amount at 
the time of execution of this operation is calculated as a test pattern offset 
value Tot2 which corresponds to this test pattern and stored in the memory 
127 in advance, and through execution of the toner counting process (2) 
shown in Fig. 7 which will be described later, the toner remaining amount 
Tr at the end of this operation is calculated. 

(REFRESHING OPERATION) 

This apparatus also executes a refreshing operation, as an operation 
under the non-ordinary mode described above. The developers 4K, 4C, 
4M and 4Y have such a structure that toner holders disposed inside the 
developers supply toner to the developer rollers 40K, 40C, 40M and 40Y 
and restricting blades m ake the thickness of toner la yers f ormed on the 
developer rollers 40 K, 40C, 40M and 40 Y constant. In Fig. 1, for the 
convenience of illustration, only the restricting blade 43M for the 
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developer 4M is denoted at a reference symbol. When images having a 
- low image occupation ratio (which is a ratio of print dot count to a total 
pixel count of a toner image) are formed continuously, filming becomes 
likely which is a phenomenon that toner staying at the same positions 
within the developers 4K, 4C, 4M and 4Y increases and an external 
additive contained in the toner or the toner itself gets fixed on the surfaces 
of the developer rollers, the restricting blades and the like. 

To deal with this phenomenon, this apparatus executes the 
refreshing operation, i.e., an operation that at predetermined timing (which 
maybe for instance prior to execution of the image forming condition 
adjusting operation), an image having a pattern which has been determined 
in advance is formed on the photosensitive member 2 and the developers 
4K, 4C, 4M and 4Y accordingly recover from fatigued states. The forced 
consumption of the toner owing to the refreshing operation eliminates the 
toner s tagnating inside the developers 4K, 4 C, 4M and 4Y, and hence, 
prevents a filming- induced deterioration of an image quality. 

It is preferable that an image pattern which is formed during the 
refreshing operation is equal to a maximum image range over which it is 
possible to form an image along a main scanning direction (which is the 
direction of a rotation axis of the photosensitive member 2) on the 
photosensitive member 2, that the image occupation ratio is relatively large 
and that print dots are distributed approximately uniformly along the main 
scanning direction. 

The image pattern formed on the photosensitive member 2 for the 
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refreshing operation is also outputted from the pattern generating module 
125. Hence, the toner consumption amount at the time of execution of 
this operation is calculated as a test pattern offset value Tot3 which 
corresponds to this test pattern and stored in the memory 127 in advance, 
and through execution of the toner counting process (2) shown in Fig. 7 
which will now be described, the toner remaining amount Tr at the end of 
this operation is calculated. 

Fig. 7 is a flow chart which shows the toner counting process (2). 
During the toner counting process (2), first, the test pattern offset v alue 
Totn which corresponds to the operation is extracted from the memory 127 
(Step S141). In short, the test pattern offset value Totl is extracted when 
the current operation is the image forming condition adjusting operation, 
the test pattern offset value Tot2 is extracted when the current operation is 
the test pattern forming operation, but the test pattern offset value Tot3 is 
extracted when the current operation is the refreshing operation. In this 
manner, during the toner counting process (2), the amount of toner 
adhering on the photosensitive member 2 as a toner image is not calculated 
but given merely as an offset value which corresponds to the image 
pattern. 

Once the amount of the toner adhering on the photosensitive 
member 2 as the toner image has become thus known, the same operation 
as the toner counting process (1) shown in Fig. 5 will be performed. 
Namely, the current toner remaining amount Tr is read out from the 
memory 1 27, t he o ffset value Totn a nd t he d rive o ffset value Todn a re 
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subtracted from this t oner remaining amount T r, and a toner remaining 
amount Tr of toner remaining in the developer 4Y after execution of the 
operation is calculated (Step S142 to Step S146). When the value Tr is 
smaller than the minimum toner amount Tmin, the toner end is 
acknowledged (Step S147, Step SI 48). In the manner above, the toner 
remaining amount Tr of toner remaining in the developer 4Y after 
execution of the image forming condition adjusting operation, the test 
pattern forming operation or the refreshing operation is calculated. 

Since the fixed image patterns are to be formed during the image 
forming condition adjusting operation, the test pattern forming operation 
and the refreshing operation, the drive offset values Todn are also 
considered to be constant. Hence, offset values Ton which are (Totn + 
Todn) obtained by adding the test pattern offset values Totn to the drive 
offset values Todn may be s tored i n the memory 1 27 as v alues f or t he 
respective patterns. During the toner counting process (2), the offset 
value Ton co rresponding t o t he p attern which has b een formed may b e 
extracted from the memory 127 and used to calculate the toner remaining 
amount. 

(TONER COVERING OPERATION) 

This apparatus also executes a toner covering operation, as an 
operation under t he n on-ordinary mode d escribed a bove. The cleaning 
blade 51 (Fig. 1) is made of hard rubber or the like in general, and has a 
relatively high frictional resistance. For this reason, when a user starts 
using the cleaning blade as it still is brand new, the blade could curl up 



36 



owing to frictions against the rotating photosensitive member 2. Noting 
this, the toner covering operation is executed so that toner adhering to the 
cleaning blade 51 will reduce the factional resistance. The toner 
covering operation is executed when the apparatus is brand new, upon 
exchanging of the cleaning blade 5 1 , etc. 

During the t oner co vering o peration, the r otary d eveloper unit 4 
supplies toner onto the surface of the photosensitive member 2 which has 
been charged by the charger unit 3. In short, no electrostatic latent image 
is formed on the photosensitive member 2. Therefore, the toner 
consumption amount at the time of execution of this operation is calculated 
in advance as a steady offset value Tl through an experiment and stored in 
the memory 127. Toner counting during the toner covering operation is 
realized in accordance with toner counting process (3) which is shown in 
Fig. 8 which will be described later. 

(PRELIMINARY COVERING OPERATION) 

This apparatus also executes a preliminary covering operation 
which is similar to the toner co vering operation described above as an 
operation under the non-ordinary mode, prior to execution of the ordinary 
image forming operation described earlier. The preliminary covering 
operation is an operation of making a very small amount of toner adhere to 
the surface of the photosensitive member 2 for the purpose of preventing 
frictions between the photosensitive member 2 and the cleaning blade 51 
(Fig. 1). The toner consumption amount at the time of execution of this 
operation is calculated in advance as a steady offset value T2 and stored in 
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the memory 127. Toner counting during the preliminary covering 
operation, too, is realized in accordance with toner counting process (3) 
which is shown in Fig. 8 which will be described later. While toner of 
only one color may be used during the preliminary covering operation, the 
yellow color is preferred as this color is unnoticeable and will not smirch 
an image which is to be formed later. Further, in an attempt to rotate the 
rotary developer unit 4 less for exchanging of the developer, it is desirable 
that this color is the first toner color (first color) to be used first in the 
ordinary image forming operation. For these reasons, it is rational to use 
the yellow color as the first color when an image is to be formed in the 
ordinary manner. 

(IDLING OPERATION) 

This a pparatus also executes an idling operation under the non- 
ordinary mode described above. While a n image is b eing formed, the 
toner holders disposed inside the developers 4K, 4C, 4M and 4Y supply 
toner to the developer rollers 40K, 40C, 40M and 40Y, the developer 
rollers 40 K, 40C, 40M and 40Y supply toner to the photosensitive member 
2, electrostatic latent images are visualized, and toner images are formed. 
At this stage, if toner is held uneven within the developers 4K, 4C, 4M and 
4Y or deteriorated owing to insufficient charging, toner fails to be supplied 
to the photosensitive member 2 in a desirable manner or toner images fail 
to be formed in a preferable manner, which leads to a deterioration of an 
image quality. Noting this, this apparatus executes an idling operation of 
the developers 4K, 4C, 4M and 4Y and of the developer rollers 40K, 40C, 
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40M and 40 Y at predetermined timing (e.g., for every predetermined 
driving time of the developers, or every time a predetermined number of 
images are printed), to thereby agitate housed toner and hence prevent 
unevenness and deterioration of the toner. In this embodiment, the 
developers 4K, 4C, 4M and 4Y and the developer rollers 40K, 40C, 40M 
and 40Y thus correspond to "toner supplying means" of the present 
invention. 

The idling operation of the developers 4K, 4C, 4M and 4Y and of 
the developer rollers 40K, 40C, 40M and 40Y inevitably causes leakage of 
toner out of the developers 4K, 4C, 4M and 4Y, although in a very small 
amount corresponding to the idling rotation time. The toner consumption 
amount at the time of the idling operation of the developers 4K, 4C, 4M 
and 4Y is calculated in advance as a steady offset value T3 and the toner 
consumption amount at the time of the idling operation of the developer 
rollers 40 K, 40C, 40M and 40Y is calculated in advance as a steady offset 
value T4 through an experiment, and these values are stored in the memory 
127. Toner counting during the idling operation is realized in accordance 
with toner counting process (3) which is shown in Fig. 8 and will now be 
described. 

Fig. 8 is a flow chart which shows the toner counting process (3). 
During the toner counting process (3), a steady offset value Tn which 
corresponds to the operation is extracted from the memory 127, the 
extracted steady offset value Tn is subtracted from the immediately 
precedent toner remaining amount, the amount of toner remaining in the 
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developer is calculated. That i s, during the toner counting process (3), 
first, the steady offset value Tn which corresponds to the operation is 
extracted from the memory 127 (Step S21). In other words, the offset 
value Tl is extracted during the toner covering operation, the offset value 
T2 is extracted during the preliminary covering operation, the offset value 
T3 is extracted during the idling operation of the developers 4K, 4C, 4M 
and 4Y, and the offset value T4 is extracted during the idling operation of 
the developer rollers 40K, 40C, 40M and 40Y 

Except for the absence of the drive offset values, the subsequent 
steps are the same as the toner counting process (2) shown in Fig. 7. To 
be more specific, the current toner remaining amount Tr is read out from 
the memory 127, the extracted steady offset value Tn described above is 
subtracted from this value, and the toner r emaining amount Tr of toner 
remaining in the developer 4Y after execution of each operation is 
calculated (Step S22 to Step S24). The toner end is acknowledged when 
the value Tr is smaller than the minimum toner amount Tmin (Step S25, 
Step S26). In the manner above, the toner remaining amount Tr of toner 
remaining in the developer 4Y after execution of the toner covering 
operation, the preliminary covering operation or the idling operation are 
calculated. 

In this embodiment, memory 127 thus corresponds to "storage 
means" of the present invention. The sum (Totn + Todn) of the test 
pattern offset value Totn and the drive offset value Todn is the amount of 
toner which is consumed each by the image forming condition adjusting 
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operation, the test pattern forming operation and the refreshing operation, 
and corresponds to a "second toner amount' 1 of the present invention. The 
steady offset values Tl, T2, T3 and T4 are the amounts of toner which is 
consumed during the toner covering operation, the preliminary covering 
operation, the idling operation of the developers and the idling operation of 
the developer rollers, and correspond to the "second toner amount" of the 
present invention. The value calculated by integrating these toner 
amounts corresponds to a "second integrating value" of the present 
invention. A di fference ( TrO - Tr) b etween a n i nitial value TrO o f t he 
toner remaining amount Tr (i.e., the amount of toner filled inside the 
developer at the time of shipment) and the current toner remaining amount 
Tr is the amount of toner consumed so far, and corresponds to "the total of 
the first integrating value and the second integrating value" of the present 
invention. 

As described above, in this embodiment, when the ordinary image 
forming operation based on an image signal from the main controller 11 is 
carried out, the number of print dots is counted based on the image signal, 
the count is integrated by a predetermined coefficient, and the toner 
consumption amount is calculated (the toner counting process (1); Fig. 5). 
On the other hand, when an operation under the non-ordinary mode which 
is di fferent from t he o rdinary image forming operation is ex ecuted, the 
offset value obtained in advance as the toner consumption amount 
commanded b y the operation is used a s the toner consumption amount 
upon execution of the operation (the toner counting process (2); Fig. 7, the 
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toner counting process (3); Fig. 8). This permits to calculate the toner 
consumption amount by the appropriate method which corresponds to the 
executed operation and accurately identify the toner consumption amount 
in each developer. In addition, since the toner consumption amount under 
each operation mode can be found only by a calculation, the processing is 
simple. 

Since the offset values corresponding to the plurality of operations 
under the non-ordinary mode are stored in the memory 127 and the offset 
value corresponding to the executed operation is extracted from the 
memory 127, it is possible to accurately calculate the toner consumption 
amount during each operation in a simple fashion. 

As the toner consumption amount thus calculated for each 
operation i s s ubtracted from t he immediately p recedent t oner r emaining 
amount every time each operation is executed, the toner remaining amount 
within each developer at the time of each operation is grasped. 

By the way, it is desirable that the nature of toner used in such an 
image forming apparatus remains constant in order to stably form a toner 
image. However, it is known that in an actual apparatus, the image 
density of a toner image sometimes gradually changes as toner images are 
formed repeatedly. The nature of toner is thus not always constant but 
may change with time in some cases. 

Figs. 9A and 9B are drawings which show an example of changes 
of a toner particle diameter distribution. Toner which is used in this type 
of image forming apparatus contains toner particles having various 
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different particle diameters, and therefore, a particle diameter distribution 
spreads in a certain manner. A phenomenon called "selective 
development," i.e., a phenomenon that the probability of consumption 
becomes different owing to a difference in toner particle diameter, is 
known to occur as an image is formed using toner having such a particle 
diameter distribution. 

This phenomenon has been co nfirmed also t hrough e xperiments. 
Fig. 9A shows an example of actual measurement to identify how a 
proportion (volume %) of toner having small particle diameters of 5 JLLm 
or less to all toner within a developer changes as images are formed 
repeatedly. Fig. 9B shows changes of the average particle diameter by 
volume of toner which remains within the developer. As shown in Fig. 
9A, as images are formed over a long period of time and the toner 
consumption amount increases, the proportion of toner having small 
particle diameters decreases gradually, and in accordance with this, the 
average particle diameter by volume shown in Fig. 9B increases gradually. 
From this, it is seen that as images are formed, a uniform consumption of 
toner having various different particle diameters does not occur but a 
consumption of the toner having small particle diameters occurs first. As 
images are formed repeatedly and the toner consumption amount 
accordingly increases, the extent of the unevenness of the toner particle 
diameters within the developer, namely, the particle diameter distribution 
of the toner changes gradually. 

Further, while image forming conditions which are influential in an 
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image quality are adjusted as described earlier to thereby control an image 
density in this type of image forming apparatus, the offset values may 
change when the image forming conditions are changed. 

Due to this, in the event that the offset values Todn, Totn and Tn 
have been fixed in advance, the toner consumption amount obtained by a 
calculation could become different from the actual amount and it therefore 
could become difficult to replenish toner at proper timing in some cases. 
A technique is hence desired which makes it possible to more accurately 
calculate the toner consumption amount regardless of changes of the offset 
values with time. 

To solve this problem and further improve the accuracy of 
calculating the toner consumption amount, the CPU 124 may appropriately 
change t he offset values in a ccordance with a ch ange with t ime of the 
nature of the toner, the image forming conditions, etc. To be more 
specific, it is possible to calculate the toner consumption amount at a high 
accuracy by (1) changing the offset values in accordance with the 
operating state of the apparatus, by (2) changing the offset values in 
accordance with the h istory o f u se of t he toner, or b y (3) changing t he 
offset values in accordance with the image forming conditions for forming 
toner images. In short, although the nature of the toner changes with time 
as described above, the changes can be calculated by studying the 
operating state of the apparatus, the history of use of the toner, etc. 
Hence, when changes of the nature of the toner with time are correlated 
with the operating state of the apparatus, the history of use of the toner and 
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the like and the offset values are changed appropriately, it is possible to 
accurately calculate the toner consumption amount. In addition, since the 
offset values are changed also when the image forming conditions are 
changed, it is always possible to set suitable offset values in accordance 
with the image forming conditions, and hence, accurately calculate the 
toner consumption amount. In this embodiment, the CPU 124 thus 
corresponds to "offset value setting means" of the present invention. 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
embodiments above, to the extent not deviating from the object of the 
invention. 

For instance, although the first preferred embodiment described 
above requires that the CPU 124 of the engine controller 12 calculates the 
toner consumption amount based on counts registered by the dot counter 
200 which is disposed to the main controller 11 and the offset value which 
corresponds t o ea ch o peration under t he non-ordinary mode, t his is n ot 
limiting. The CPU 111 of the main controller 11 may calculate the toner 
consumption amount after receiving the offset value from the engine 
controller 12, or alternatively, the dot counter 200 may be disposed to the 
engine controller 12 for example. 

In addition, although the first preferred embodiment described 
above r equires to ca lculate the t oner remaining a mount every t ime one 
image is formed during the ordinary image forming operation, the timing 
of calculating the toner remaining amount is not limited to this but may be 
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freely determined. For example, upon reception of an image forming 
request which demands a plurality of images to be formed, the toner 
remaining amount may be calculated after all these images are formed or 
every time a predetermined number of images are formed. 
<SECOND PREFERRED EMBODIMENTS 

Fig. 10 is a block diagram which shows an electric structure of an 
image forming apparatus according to a second preferred embodiment. 
In Fig. 10, the portions having the same functions as those used in the first 
preferred embodiment are denoted at the same reference symbols. 
Further, an internal structure of the image forming apparatus according to 
the second preferred embodiment is the same as that according to the first 
preferred embodiment shown in Fig. 1, and therefore, will not be 
described. 

The second preferred embodiment, as shown in Fig. 10, does not 
use the image signal switcher 122 used in the first preferred embodiment 
(Fig. 2). The exposure power controller 123 has the same function as the 
exposure power controller 123 according to the first preferred embodiment 
except for that this exposure power controller 123 is capable of directly 
receiving a signal from the pattern generating m odule 125 a nd as ignal 
from the modulating signal generator 210. The structure and the counting 
sequence of the dot counter 200 shown in Fig. 10 are the same as those 
according to the first preferred embodiment described earlier with 
reference to Figs. 3 and 4, and therefore, will not be described. 

In this image forming apparatus, as a print command and image 
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data are fed to the main controller 11 of the control unit 1 from an external 
apparatus such as a host computer, the main controller 11 outputs control 
commands to the respective portions of the apparatus, and based on the 
image data thus supplied, an image signal expressing an image to be 
formed in each toner color as a multi-gradation print dot string is generated 
and outputted to the engine controller 12. In accordance with a command 
from the main controller 11, the engine controller 12 controls respective 
portions of the engine EG, and an image corresponding to the image signal 
is formed on a sheet S. 

For instance, after the GPU 111 has generated print dot data based 
on the image data supplied via the interface 112 from an external apparatus 
such as a host computer, when the modulating signal generator 210 
modulates the print dot data and the modulating signal is fed to the 
exposure power controller 123, the exposure power controller 123 controls 
the respective portions of the exposure unit 6, the light beam L based on 
the modulating signal exposes the photosensitive member 2, and an 
electrostatic latent image corresponding to the image data is formed on the 
photosensitive member 2. 

Meanwhile, as described later, when the image forming operation 
for forming a predetermined image pattern is executed, the pattern 
generating module 1 25 feeds t he exposure p ower co ntroller 1 23 w ith a 
modulating signal corresponding to the image pattern, the exposure power 
controller 123 controls the respective portions of the exposure unit 6 in the 
manner described above, and an electrostatic latent image corresponding to 
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the image pattern is formed. As a modulation method for the modulating 
signal generator 210, various pulse modulation such as pulse width 
modulation (PWM) and pulse amplitude modulation (PAM) can be used. 

There is the patch sensor PS disposed facing against the surface of 
the intermediate transfer belt 71. For execution of an image forming 
condition adjusting operation which will be described later, the patch 
sensor PS measures optically image densities of patch images which are 
formed on t he o uter ci rcumferential s urface o f t he i ntermediate t ransfer 
belt 71. 

In this embodiment, the photosensitive member 2 corresponds to an 
"image carrier" of the present invention, the exposure unit 6 corresponds to 
"exposure means" of the present invention, the rotary developer unit 4 
corresponds to "developer means" of the present invention, and the 
exposure unit 6 and the rotary developer unit 4 correspond to "image 
forming means" of the present invention. 

Fig. 11 is a flow chart which shows a toner counting process (4) at 
the time of execution of the ordinary image forming operation. In this 
image forming apparatus, for the convenience of management of 
consumables, the CPU 124 of the engine controller 12 executes the toner 
counting process (4) shown in Fig. 11 every time one image is formed, and 
calculates the amounts of the toner remaining in the developers 4Y, ... for 
the respective toner colors. While a method of calculating the amount of 
the toner remaining in the developer 4Y will now be described in relation 
to the yellow color, the operation is the same also for the other toner 
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colors. 

.Steps S31 to S39 of the toner counting process (4) shown in Fig. 11 
are the same as the toner counting process (1) described earlier with 
reference to Fig. 5, and therefore, will not be described. 

A toner consumption amount per image is subtracted from the 
amount of toner initially held in each developer to thereby calculate the 
amount of toner remaining in the developer upon forming of each image in 
the second preferred embodiment, which of course is theoretically 
equivalent to calculation of the total toner consumption amount by means 
of integration of a toner consumption amount per image. Thus, in this 
preferred embodiment, the CPU 111, the interface 112 and the modulating 
signal generator 210 correspond to "first controlling means 11 of the present 
invention, the CPU 124 corresponds to "detecting means" of the present 
invention, and the toner counting process (4) corresponds to a "first toner 
amount detecting process" of the present invention. Further, a route from 
the modulating signal generator 210 leading to the exposure unit 6 via the 
exposure power controller 123 corresponds to a "first route" of the present 
invention. 

In the d evelopers 4 Y, ... w hich can b e a ttached t o a nd d etached 
from the apparatus body, it is preferable that before each developer is 
detached from the apparatus body, the toner remaining amounts Tr in the 
respective developers calculated in the manner described above are stored 
in the memories 42 Y, ... With the respective developers attached to the 
apparatus body, the toner remaining amounts of the respective developers 
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stored in the memories 42 Y, ... are read out and used as initial toner 
remaining amount values Tr during the toner counting process (4) 
described above, thereby easily managing the lifetime of each developer. 
Of course, in the case of a new developer, the amount of toner filled inside 
the developer at the time of shipment may be stored. 

By the way, this image forming apparatus is capable of executing a 
few operations as an operation of forming a predetermined image pattern, 
in addition to the ordinary image forming operation for forming an image 
which corresponds to image data fed from outside described earlier. The 
amount of toner consumed during each operation is calculated in advance 
and stored in the memory 127 as a test pattern offset value Totm (where m 
is 11, 12, 13 and 14 in this embodiment) as described later. These 
operations will now be described in turn. 

(IMAGE FORMING CONDITION ADJUSTING OPERATION) 
Fig. 12 is a flow chart which shows an image forming condition 
adjusting operation. The image forming condition adjusting operation 
aims at co ntrol o f a n image d ensity to a t arget d ensity b y a djusting a n 
image forming condition at predetermined timing such as immediately 
after turning on of the apparatus, when a predetermined number of images 
have been formed, or the like. During this image forming condition 
adjusting operation, patch images having a predetermined pattern are 
formed while changing the developing bias, which serves as a density 
controlling factor influencing an image density, over multiple levels (Step 
S41). Next, at the timing that patch images which have been transferred 
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onto the intermediate transfer belt 71 arrive at an opposed position facing 
the patch sensor PS, the patch sensor PS detects the image densities of the 
patch images (Step S42), and a relationship between the image densities 
and the developing bias is calculated. The value of the developing bias 
which makes the image densities coincide with the target density is 
calculated based on thus identified relationship, and the value calculated in 
this manner is used as an optimal value of the developing bias (Step S43). 

Once the optimal value of the developing bias has been thus 
calculated, images will then be formed while setting the developing bias to 
this optimal value. The images are consequently formed at the target 
image density. A number of techniques have been proposed as such a 
density controlling technique. Any desired technique such as these 
known techniques can be applied to the image forming condition adjusting 
operation according to this embodiment. Hence, density controlling 
techniques will not be described in detail. 

A plurality of patch images are formed during the image forming 
condition adjusting operation as described above. Each patch image may 
be large enough just to the extent allowing detection of the density of the 
patch image by the patch sensor PS (a few centimeters times a few 
centimeters, for example). The pattern of each patch image may be 
relatively simple, such as a solid image and an image in which dots are 
arranged o rderly. Hence, supplying o f an image s ignal regarding such 
patch images from the main controller 11 is not necessary, and the pattern 
of the patch images may be formed independently within the engine 
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controller 12. In this embodiment, the pattern generating module 125 
(Fig. 10) disposed in the engine controller 12 serves to generate a pattern 
which will be used as a patch image. That is, during the image forming 
condition adjusting operation, the CPU 124 outputs a control command to 
the pattern generating module 125 so as to output an image signal 
corresponding to patch images. In consequence, an output from the 
pattern generating module 125 is fed to the exposure power controller 123 
and an electrostatic latent image corresponding to the patch image pattern 
is formed on the photosensitive member 2. 

The image forming condition adjusting operation also aims at 
adjustment of an operating condition of the engine EG so as to obtain a 
desired image density, and as such, can be executed independently of the 
operation of the main controller 11. Therefore, with the patch image 
pattern formed within the engine controller 12, the main controller 11 does 
not need to be involved in this operation. This improves the processing 
efficiency of the main controller 11, since the main controller 11 is able to 
carry out the processing for forming the next image for instance while the 
engine controller 12 performs its operation. 

Execution of the image forming condition adjusting operation also 
leads to a consumption of toner which is held within the developer. It is 
not possible to calculate the toner consumption amount at this stage based 
on an image signal from the main controller 11. In this embodiment 
therefore, as shown in Fig. 12, after optimization of the developing bias, in 
order to calculate the amount of toner consumed during the image forming 
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condition adjusting operation, a toner counting process (5) which is 
different from the toner counting process (4) described earlier is executed 
(Step S44). 

During the image forming condition adjusting operation, since the 

i 

pattern of a patch image to be formed is already known, it is possible to 
estimate the amount of toner which will adhere on the photosensitive 
member 2 as a patch image. Therefore, this toner amount is calculated in 
advance through an experiment and stored as a test pattern offset value 
Tot 11 in the memory 127. During the toner counting process (5), the 
offset value Tot 11 is subtracted from the immediately precedent toner 
remaining amount every time a patch image is formed, and the amount of 
toner remaining in the developer is calculated. This is a major difference 
from the toner counting process (4) during which a print dot count is 
calculated from an image signal. The specific sequence of the toner 
counting process (5) will be described later while referring to Fig. 13. 
(TEST PATTERN FORMING OPERATION) 

Further, this apparatus executes an operation of forming on a sheet 
S a toner image which will serve as a test pattern which a user uses to 
visually confirm an image quality. This test pattern is also outputted from 
the pattern generating module 125. Hence, the toner consumption 
amount at the time of execution of this operation is calculated as a test 
pattern offset value Tot 12 which corresponds to this test pattern and stored 
in the memory 127, and through execution of the toner counting process 
(5) shown i n Fig. 13 which will be described 1 ater, the toner remaining 
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amount Tr at the end of this operation is calculated. 
(REFRESHING OPERATION) 

This apparatus also executes a refreshing operation. The 
developers 4K, 4C, 4M and 4Y have such a structure that toner holders 
disposed inside the developers supply toner to the developer rollers 40K, 
40C, 40M and 40 Y and restricting blades make the thickness of toner 
layers formed on the developer rollers 40K, 40C, 40M and 40Y constant. 
As described earlier in relation to the first preferred embodiment, in Fig. 1, 
for the convenience of illustration, only the restricting blade 43M for the 
developer 4M is denoted at a reference symbol. When images having a 
low image occupation ratio (which is a ratio of print dot count to a total 
pixel count of a toner image) are formed continuously, filming becomes 
likely which is a phenomenon that toner staying at the same positions 
within the developers 4K, 4C, 4M and 4Y increases and an external 
additive contained in the toner or the toner itself gets fixed on the surfaces 
of the developer rollers, the restricting blades and the like. 

To deal with this phenomenon, this apparatus executes the 
refreshing operation, i.e., an operation that at predetermined timing (which 
may b e for instance prior to e xecution of the image forming condition 
adjusting operation), an image having a pattern which has been determined 
in advance is formed on the photosensitive member 2 and the developers 
4K, 4C, 4M and 4Y accordingly recover from fatigued states. The forced 
consumption of the toner owing to the refreshing operation eliminates the 
toner s tagnating inside the developers 4K, 4 C, 4M and 4Y, and hence, 
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prevents a filming-induced deterioration of an image quality. 

It is preferable that an image pattern which is formed during: the 
refreshing operation is equal to a maximum image range over which it is 
possible to form an image along a main scanning direction (which is the 
direction of a rotation axis of the photosensitive member 2) on the 
photosensitive member 2, that the image occupation ratio is relatively large 
and that print dots are distributed approximately uniformly along the main 
scanning direction. 

The image pattern formed on the photosensitive member 2 for the 
refreshing operation is also outputted from the pattern generating module 
125. Hence, the toner consumption amount at the time of execution of 
this operation is calculated as a test pattern offset value Totl3 which 
corresponds to this test pattern and stored in the memory 127, and through 
execution of the toner counting process (5) shown in Fig. 13 which will be 
described later, the toner remaining amount Tr at the end of this operation 
is calculated. 

(SPECIAL IMAGE FORMING OPERATION) 

This a pparatus also e xecutes a s pecial image forming operation. 
Over the recent years, capabilities of color image forming apparatuses 
have improved and there now is a risk that unauthorized use could be made 
of these improved apparatuses. To prevent such unauthorized printing, a 
special i mage which permits to identify t he image f orming apparatus is 
printed on top of an image which corresponds to image data fed from 
outside described earlier. A special image expresses a serial production 
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number of the image forming apparatus or the like using the least 
noticeable color co mponent (such a s y ellow) to h uman eyes a mong t he 
color components which are used in the image forming apparatus (magenta, 
cyan, yellow and black in this embodiment). The special image is set in 
advance. Hence, the amount of toner consumed in forming the special 
image is also calculated in advance, and stored in the memory 127 as a test 
pattern offset value Totl4 which corresponds to the special image. 

The special image formed on the photosensitive member 2 for the 
purpose of the special image forming operation, too, is outputted from the 
pattern generating module 125. Meanwhile, a modulating signal 
corresponding to image data received from outside is available from the 
modulating signal generator 210. The exposure power controller 123 
superimposes the two one atop the other and sends them to the exposure 
unit 6. Hence, as for the toner consumption amount at the time of 
execution of this operation, the toner counting process (5) shown in Fig. 13 
which will now be described is executed after execution of the toner 
counting process (4) shown in Fig. 11 described earlier, whereby the toner 
remaining amount Tr at the end of this operation is calculated. 

Fig. 13 is a flow chart which shows the toner counting process (5). 
During the toner counting process (5), first, a test pattern offset value Totm 
corresponding to the operation is extracted from t he m emory 127 (Step 
S441). In other words, the test pattern offset value Totll is extracted 
when the current operation is the image forming condition adjusting 
operation, the test pattern offset value Totl2 is extracted when the current 
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operation is the test pattern forming operation, the test pattern offset value 
Totl3 is extracted when the . current operation is the refreshing operation, 
but the test pattern offset value Totl4 is extracted when the current 
operation is the special image forming operation. In this manner, during 
the toner counting process (5), the amount of toner adhering on the 
photosensitive member 2 as a toner image is not calculated but given 
merely as an offset value which corresponds to an image pattern. 

Once the amount of the toner adhering on the photosensitive 
member 2 as the toner image has become thus known, the same operation 
as the toner counting process (4) shown in Fig. 11 will be performed. In 
other words, the current toner remaining amount Tr is read out from the 
memory 127, the offset value Totm and a drive offset value Todm are 
subtracted from the toner remaining amount Tr, and a toner remaining 
amount Tr of toner remaining in the developer 4Y after execution of the 
operation is calculated (Step S442 to Step S446). When this value Tr is 
smaller than the minimum toner amount Tmin, the toner end is 
acknowledged (Step S447, Step S448). In the manner above, the toner 
remaining amount Tr of toner remaining in the developer 4Y after 
execution of the image forming condition adjusting operation, the test 
pattern f orming operation, t he refreshing o peration o r the special image 
forming operation are identified. 

Since the fixed image patterns are to be formed during the image 
forming condition adjusting operation, the test pattern forming operation, 
the refreshing operation and the special image forming operation, the drive 
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offset values Todm are also considered to be constant. Hence, values 
Tom corresponding to (Totm + Todm) obtained by adding test pattern 
offset values Totm to the drive offset values Todm may be stored in the 
memory 127 as the offset values for the respective patterns. In this case, 
in the toner counting process (5), the offset value Tom corresponding to the 
pattern may be extracted from the memory 127 and used to calculate the 
toner remaining amount. 

In this embodiment, memory 127 thus corresponds to "storage 
means" of the present invention. The sum (Totm + Todm) of the test 
pattern offset value Totm and the drive offset value Todm is the amount of 
toner which is consumed each by the image forming condition adjusting 
operation, the test pattern forming operation, the refreshing operation and 
the special image forming operation. The CPU 124, the pattern 
generating module 125 and the memory 127 correspond to "second 
controlling means" of the present invention. The CPU 124 corresponds to 
the "detecting means" of the present invention, and the toner counting 
process (5) corresponds to a "second toner amount detecting process" of 
the present invention. Further, a route from the pattern generating 
module 125 leading to the exposure unit 6 via the exposure power 
controller 123 corresponds to a "second route" of the present invention. 

As described above, in this embodiment, when the image forming 
operation based on an image signal fed from the CPU 111 via the 
modulating signal generator 210 and the exposure power controller 123 is 
executed, the number of print dots is counted based on the image signal, 
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the count is multiplied by a predetermined coefficient, and the toner 
consumption amount is calculated (the toner counting process (4); Fig. 11). 
On the other hand, when the image forming operation based on an image 
signal fed from the pattern generating module 125 via the exposure power 
controller 123 is executed, the offset value obtained in advance as the toner 
consumption a mount commanded by the operation is used as the toner 
consumption amount upon execution of the operation (the toner counting 
process (5); Fig. 1 3). Since t he different t oner d etecting pr ocesses a re 
used, it is possible to calculate the toner consumption amount by a method 
which is suitable to the executed operation, and hence, accurately calculate 
the toner consumption amount in each developer. Further, since the toner 
consumption amount under each operation mode is found merely through a 
calculation, the processing is simple. 

Since the offset values corresponding to the plurality of operations 
to form the predetermined image patterns are stored in the memory 127 
and the offset value corresponding to the executed operation is extracted 
from the memory 127, it is possible to accurately calculate the toner 
consumption amounts for the various operations in a simple fashion. 

As the toner consumption amount thus calculated for each 
operation i s s ubtracted from t he immediately p recedent t oner r emaining 
amount every time each operation is executed, the toner remaining amount 
within each developer at the time of each operation is grasped. 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
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embodiments above, to the extent not deviating from the object of the 
invention. 

For instance, although the second preferred embodiment described 
above requires that the GPU 124 of the engine controller 12 calculates the 
toner consumption amount based on counts registered by the dot counter 
200 which is disposed to the main controller 11 and the offset value which 
corresponds to the predetermined image pattern forming operation, this is 
not limiting. The CPU 111 of the main controller 11 may calculate the 
toner consumption amount after receiving the offset value from the engine 
controller 12, or alternatively, the dot counter 200 may be disposed to the 
engine controller 12 for example. 

In addition, although the second preferred embodiment described 
above r equires to ca lculate the t oner remaining a mount every t ime one 
image is formed during the ordinary image forming operation, the timing 
of calculating the toner remaining amount is not limited to this but may be 
freely determined. For example, upon reception of an image forming 
request which demands a plurality of images to be formed, the toner 
remaining amount may be calculated after all these images are formed or 
every time a predetermined number of images are formed. 

<THIRD PREFERRED EMBODIMENTS 

Fig. 14 is a block diagram which shows an electric structure of an 
image forming apparatus according to a third preferred embodiment, and 
Figs. 15A and 15B are development views of an intermediate transfer belt. 
In Fig. 14, the portions having the same functions as those used in the first 
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preferred embodiment are denoted at the same reference symbols. 
Further, an internal structure of the image forming apparatus according to 
the third preferred embodiment is the same as that according to the first 
preferred embodiment shown in Fig. 1, and therefore, will not be described. 
The structure and the counting sequence of the dot counter 200 shown in 
Fig. 14 are the same as those according to the first preferred embodiment 
described earlier with reference to Figs. 3 and 4, and therefore, will not be 
described. The exposure power controller 123 has the same function as 
the exposure power controller 123 according to the first preferred 
embodiment, except for that this exposure power controller 123 is capable 
of directly receiving a signal from the pattern generating module 125 and a 
signal from the modulating signal generator 210, as in the second preferred 
embodiment (Fig. 10). 

In this image forming apparatus, as a print command and image 
data are fed to the main controller 11 of the control unit 1 from an external 
apparatus such as a host computer, the main controller 11 outputs a print 
command signal to the respective portions of the apparatus, and based on 
the image data thus supplied, an image signal expressing an image to be 
formed as a m ulti-gradation pr int d ot string is g enerated for ea ch t oner 
color component, and thus obtained image signals are outputted to the 
engine controller 12 as job data. In accordance with a command from the 
main controller 11, the engine controller 12 controls the respective portions 
of the engine EG, an image corresponding to the image signal is formed on 
a sheet (recording medium) S in the unit of a job. 
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As the CPU 111 generates multi-gradation print dot data based on 
image data fed via the interface 112 from an external apparatus such as a 
host computer, the modulating signal generator 210 modulates the print dot 
data. When the modulating signal is fed to the exposure power controller 
123, the exposure power controller 123 controls the respective portions of 
the exposure unit 6, the light beam L based on the modulating signal 
exposes the photosensitive member 2, and an electrostatic latent image 
corresponding to the image data is formed on the photosensitive member 2. 

Meanwhile, as described later, during execution of the special 
image forming operation for superimposing a special image having a 
predetermined image pattern on top of the image which is based on the 
image data mentioned above, the pattern generating module 125 provides 
the exposure power controller 123 with a modulating signal which 
corresponds to this image pattern, the exposure power controller 123 
superimposes the m odulating signal based on the i mage data m entioned 
above on the modulating signal which corresponds to the image pattern, 
the respective portions of the exposure unit 6 are controlled in accordance 
with the signal resulting from the superimposition, and an electrostatic 
latent image is formed which corresponds to the image which is obtained 
by superimposing the special image on the image which is based on the 
image data mentioned above. As a modulation method for the 
modulating signal generator 210, various pulse modulation such as pulse 
width modulation (PWM) and pulse amplitude modulation (PAM) can be 
used. 
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The intermediate transfer belt 71 is an endless belt which is 
obtained by joining an approximately rectangular sheet at a splice 72, as 
shown in Figs. 15A and 15B. In Figs. 15Aand 15B, the arrow 73 denotes 
a rotation direction of the belt, while the arrow 74 denotes a rotation axis 
direction. The intermediate transfer belt 71 contains a transfer protection 
area 75 and a transfer area 76. The transfer protection area 75 is defined 
across one edge and the other edge along the rotation axis direction 74 and 
within a predetermined range which stretches on the both sides to the 
splice 72. The transfer area 76 is an area other than the transfer 
protection area 75, and is defined in a rectangular area except for a one 
edge portion and other edge portion along the rotation axis direction 74. 
A toner image is primarily transferred onto the transfer area 76. 

As shown in Fig. 15A, a toner image 77 whose size is that of an A3 
paper as it is placed with the longer sides aligned along the rotation 
direction 73 can be transferred onto the transfer area 76. Further, as 
shown in Fig. 15B, as the transfer area 76 is split into two sub areas 76A 
and 76B, as the intermediate transfer belt 71 rotates one round, it is 
possible to transfer two images having the size of an A4 paper with the 
shorter sides aligned along the rotation direction 73 or a smaller size, e.g., 
the A4, A5 and B5 sizes. Shown in Fig. 15B are toner images 78 having 
the A4 size. 

In this embodiment, the photosensitive member 2 thus corresponds 
to the "image carrier" of the present invention. The charger unit 3, the 
exposure unit 6 and the rotary developer unit 4 correspond to the "image 
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forming means" of the present invention. The transfer unit 7 corresponds 
to "transfer means" of the present invention. Further, the intermediate 
transfer belt 71 corresponds to a "transfer medium" of the present 
invention, and the two sub areas 76A and 76B into which the transfer area 
76 is split each correspond to a "toner image transfer area" of the present 
invention. 

The patch sensor PS is disposed facing against the surface of the 
intermediate transfer belt 71. During execution of an operation for 
adjusting image forming conditions, the patch sensor PS detects optically 
image densities of the patch images which are formed in the transfer 
protection area 75 of the intermediate transfer belt 71. 

An offset value stored in the memory 127 will now be described. 
This type of image forming apparatus is known to consume a very small 
amount o f toner ev en when a white image is f ormed, i.e., ev en during 
execution of the image forming operation for printing no print dot at all. 
This occurs as incompletely charged toner or inversely charged toner 
locally moves onto the photosensitive member 2 from the developers 
4Y, or the toner is partially transferred back into inside the apparatus 
during execution of the image forming operation. Adhesion of such toner 
to an image is visually recognized as fogging. Noting that there is a loss 
of toner separately from toner which is used as a toner image on the 
photosensitive m ember 2, t his embodiment r equires that a n offset v alue 
corresponding to the amount of fogging toner is stored in the memory 127. 

The amount of fogging toner is calculated by multiplying the 
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driving time of the developer 4Y by a value which has been obtained in 
advance through an experiment as a toner scattering amount per unit time. 
As the driving time of the developer 4Y, a period of time during which the 
developing bias is applied upon the developer 4Y, the driving time of the 
developer roller 40Y which transports toner housed in the developer 4Y to 
the opposed position facing the photosensitive member 2, or the like may 
be used. Since the driving time of the developer per image is 
approximately constant in general when the sheet size remains unchanged, 
a fogging toner amount is determined in advance for each sheet size and 
stored as an offset value in the memory 127 in this e mbodiment. The 
offset value corresponding to the sheet size is extracted from the memory 
127. 

By the way, a fogging toner amount is considered to vary 
depending upon an image forming style. In other words, in this apparatus, 
the engine controller 12 and the engine EG carry out the image forming 
operation in accordance with information regarding the image forming 
style which is contained in a print command signal (operation signal) sent 
to the engine controller 12 through the main controller 11 from an external 
apparatus such as a host computer. 

For instance, in the event that the print command signal contains an 
instruction which demands to form an image under a high-quality mode as 
the image forming style information, the main controller 11 generates an 
image signal in which print dots are finely controlled, the engine controller 
12 a nd t he e ngine EG o perate b ased on t his image signal, a nd a high- 
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quality image is formed. 

Meanwhile, when the print command signal contains an instruction 
which demands to form an image under a toner save mode, which is for 
suppressing t he amount o f consumed toner, a s the image forming style 
information, such control is executed which reduces the gradation values 
of print dots for example to thereby reduce the amount of consumed toner 
and then form an image. 

A fogging toner amount is different between these image forming 
styles. Fogging toner a mounts for t he r espective image forming s tyles 
calculated in advance are stored as offset values in the memory 127 in this 
embodiment. The offset value corresponding to the image forming style 
information co ntained in the print command signal mentioned above is 
extracted from the memory 127. 

This a pparatus also e xecutes a s pecial image forming operation. 
Over the recent years, capabilities of color image forming apparatuses 
have improved and there now is a risk that unauthorized use could be made 
of these improved apparatuses. To prevent such unauthorized printing, a 
special i mage which permits to identify t he image f orming apparatus is 
printed on top of an image which corresponds to image data received by 
the main controller 11 from outside, which is the special image forming 
operation. 

A special image expresses a serial production number of the image 
forming apparatus or the like using the least noticeable color component 
(such as yellow) to human eyes among the color components which are 
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used in the image forming apparatus (magenta, cyan, yellow and black in 
this embodiment). The image pattern of the special image is set in 
advance. Hence, it is possible to calculate the amount of toner used in 
forming the special image in advance. 

When a sheet (recording medium) S is an OHP sheet however, 
considering the objective to project an image using an overhead projector, 
it is not preferable to print and superimpose a special image. Further, a 
risk of someone using an OHP sheet for unauthorized printing is believed 
to be low. 

Noting this, the memory 127 stores an ordinary offset value which 
corresponds only to a fogging toner amount which does not contain the 
amount of toner used in forming the special image, and a special offset 
value which corresponds to an amount containing the amount of toner used 
in forming the special image and a fogging toner amount. In the event 
that the print command signal mentioned above contains information 
indicating that t he sheet S is an O HP sheet a s t he i mage forming s tyle 
information, the ordinary offset value is extracted from the memory 127. 
On the other hand, when the print command signal contains information 
expressing that the sheet S is a non-OHP sheet (such as a plain paper), the 
special offset value is extracted from the memory 127. 

Further, in t his apparatus, t wo t oner i mages ( two pages oft oner 
image) can be transferred onto the intermediate transfer belt 71 as the 
intermediate transfer belt 71 rotates one round, as described earlier. 
According to this embodiment, the CPU 124 of the engine controller 12 
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executes a t oner counting pr ocess (6) s hown i n Fig. 17 e very time o ne 
toner image (one page of toner image) is formed as described later. 
Hence, when two toner images are transferred onto both the sub areas 76A 
and 76B respectively, fogging toner amounts corresponding to the 
respective areas are added as offset values. 

In contrast, in the event that one toner image is transferred onto 
only one of the sub areas 76A and 76B (e.g., the last rotation of the 
intermediate transfer belt 71 to print an odd number of pages in transfer 
control of two A4-size toner images onto the intermediate transfer belt 71 
in one rotation), although a fogging toner amount corresponding to the area 
onto which the toner image is transferred (e.g., the sub area 76A) is added 
as an offset value, a fogging toner amount corresponding to the area onto 
which the toner image is not transferred (e.g., the sub area 76B) fails to be 
added because of the absence of the toner counting p rocess. However, 
toner contributing to fogging is believed to be present on the 
photosensitive m ember 2 which corresponds t o the area onto which t he 
toner image is not transferred although no toner image is formed on the 
photosensitive member 2, and this must be considered separately. 

Noting this, according to this embodiment, different offset values 
are stored in the memory 127 between an instance where toner image is 
transferred onto only one of the sub areas 76A and 76B and other instances 
which are an instance that one toner image (one page of toner image) is 
transferred onto the transfer area 76 of the intermediate transfer belt 71 and 
an instance that two toner images (two pages of toner image) are 
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transferred onto both the sub areas 76A and 76B respectively. 

Fig. 16 shows an example of offset value table data stored in the 
memory 127. As shown in Fig. 16, in this embodiment, an offset value 
Tk (where k is 11 through 18 in this embodiment) is set in advance and 
stored in the memory 127 for each combination regarding whether the 
mode is the high-quality mode or the toner save mode, whether a sheet S is 
an OHP sheet or a non-OHP sheet and whether one of two pages of toner 
image is to be transferred (i.e., transfer of toner image onto only one of the 
sub areas 76A and 76B) or other instances (i.e., transfer of one page of 
toner i mage o nto the t ransfer area 7 6 or t ransfer of t wo pages oft oner 
image onto both the sub areas 76A and 76B). As described above, since 
the fogging toner amounts are determined one each for each sheet size, 
offset value table data set for each sheet size are stored in the memory 127 
for each toner color component. Shown in Fig. 16 as an example is data 
for the A4 size and yellow toner. 

In Fig. 16, an offset value Til for instance is a value obtained by 
adding to an offset value T15 a fogging toner amount which corresponds to 
the sub area to which no toner image is to be transferred. Meanwhile, an 
offset value T12 for instance is a value obtained by adding to the offset 
value Til the amount of toner used in forming the special image. Further, 
the offset value Til and an offset value T13 are different from each other 
by a difference between a fogging toner amount in the high-quality mode 
and that in the toner save mode. In this embodiment, the memory 127 
thus corresponds to "storage means" of the present invention. 
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Fig. 17 is a flow chart which shows the toner counting process (6) 
during execution of a toner image forming operation. In this image 
forming apparatus, f or the convenience of management of consumables, 
the CPU 124 of the engine controller 12 executes the toner counting 
process (6) shown in Fig. 17 every time one page of toner image is formed, 
and calculates the toner remaining amounts in the developers 4Y, ... for the 
respective toner colors. In short, one page is used as a "predetermined 
unit' 1 of the present invention and the CPU 124 functions as "consumption 
amount calculating means" of the present invention. While a method of 
calculating the a mount of t he toner r emaining i n the developer 4 Y w ill 
now be described in relation to the yellow color, the operation is the same 
also for the other toner colors. 

Steps S51 through S54 of the toner counting process (6) shown in 
Fig. 1 7 a re the s ame as the s teps S 1 through S 4 o f the t oner counting 
process (1) described earlier with reference to Fig. 5, and therefore, will 
not be described. 

Following the step S54, a signal regarding an image forming style 
contained in the print command signal from the main controller 11 is 
judged, and the corresponding offset value Tk is extracted from the 
memory 1 27 (Step S 55). For instance, in the event that two pages of 
toner image are to be transferred onto both the sub areas 76A and 76B 
using an A4-size plain paper under the high-quality mode, an offset value 
T16 is extracted. Meanwhile, in the event that one page of toner image is 
to be transferred onto only one of the sub areas 76A and 76B using an A4- 
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size OHP sheet under the toner save mode, an offset value T13 is 
extracted. 

With thus extracted offset value Tk subtracted from the toner 
remaining amount Tr calculated at the step S54 (Step S56), a new toner 
remaining a mount Tr of t oner r emaining in t he d eveloper 4Y a fter one 
page of toner image is formed is calculated. The memory 127 is updated 
with this value Tr (Step S57). Steps S58 and S59 which follow are the 
same as the steps S8 and S9 of the toner counting process (1) described 
earlier with reference to Fig. 5, and therefore, will not be described. 

In Fig. 17, the sum of products Ts, which is obtained from the 
respective dot counts CI, ... and the weighting coefficients Kl, ... is 
subtracted from the immediately precedent toner remaining amount Tr, and 
from the resultant value, the offset value Tk is further subtracted. This is 
of course theoretically equivalent to calculation of (Ts + Tk) from the sum 
of products Ts and the offset v alue Tk and subtraction of t his f rom t he 
immediately precedent toner remaining amount Tr. The sum (Ts + Tk) 
obtained by adding the sum of products Ts to the offset value Tk serves as 
the amount of toner which is consumed when one page of toner image is 
formed. The amount of consumed toner is calculated every time one 
page of toner image is formed and subtracted from the immediately 
precedent toner remaining amount, thereby calculating the amount of toner 
remaining within the developer 4Y at present (i.e., at the end of the 
formation of the images). In this embodiment, the CPU 124 thus 
corresponds to "offset value setting means" of the present invention. 
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In the d evelopers 4 Y, ... w hich can b e a ttached t o a nd d etached 
from the apparatus body, it is preferable that before each developer is 
detached from the apparatus body, the toner remaining amounts Tr in the 
respective developers calculated in the manner described above are stored 
in the memories 42 Y, ... With the respective developers attached to the 
apparatus body, the toner remaining amounts of the respective developers 
stored in the memories 42 Y, ... are read out and used as initial toner 
remaining amount values Tr during the toner counting process (6) 
described above, thereby easily managing the lifetime of each developer. 
Of course, in the case of a brand new developer, the amount of toner filled 
inside the developer at the time of shipment may be stored. 

As described above, according to this embodiment, a fogging toner 
amount, the amount of toner used in forming a special image or the like is 
calculated in advance and stored in the memory 127 for each image 
forming style information which is contained in a print command signal 
(operation signal) inputted from the main controller 11, and the CPU 124 
extracts from the memory 127 the offset value Tk which corresponds to the 
image forming style information. Hence, it is possible to appropriately 
change the fogging toner amount or the like in accordance with various 
image f orming styles. Further, since the only r equirement i s to extract 
from the memory 127 the offset value Tk corresponding to the image 
forming style information, the processing is simple. 

In addition, since the number of print dots is counted based on an 
image signal fed from the CPU 111 via the modulating signal generator 
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210 and the exposure power controller 123 and counts are multiplied by 
predetermined coefficients, it is possible to identify the amount of toner 
which is used for an ordinary toner image merely through calculation in a 
simple manner. 

As the toner consumption amount thus calculated for each 
operation i s s ubtracted from t he immediately p recedent t oner r emaining 

i 
j 

amount every time each operation is executed, the toner remaining amount 
within each developer at the time of each operation is grasped. 

i 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
embodiments above, to the extent not deviating from the object of the 
invention. 

For instance, although the third p referred embodiment described 
above requires that the CPU 124 of the engine controller 12 calculates the 
toner consumption amount based on counts registered by the dot counter 
200 which is disposed to the main controller 11 and the offset value which 
corresponds to the image forming style information, this is not limiting. 
For example, t he CPU 111 of t he m ain co ntroller 11 may calculate t he 
toner consumption amount after receiving the offset value changed by the 
engine controller 12, or alternatively, the dot counter 200 may be disposed 
to the engine controller 12. 

Further, although formation of one page of toner image is treated as 
the "predetermined unit" of the present invention in the third preferred 
embodiment described above, the predetermined unit is not limited to this 
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but may be freely determined. For instance, when there is an image 
forming request which demands a plurality of pages of images to be 
formed, formation of all images or a predetermined number of pages may 
be regarded as the "predetermined unit." Alternatively, formation of 
images while the intermediate transfer belt 71 rotates one round may be the 
"predetermined unit." 

In addition, although the third preferred embodiment described 
above requires to store the offset values corresponding to the high-quality 
mode and the toner save m ode in the memory 1 27, this i s not li miting. 
When the print command signal described above contains, as image 
forming style information, a high-speed mode in which a printing speed 
precedes an image quality, a line i mage mode f or forming a line image 
such as a letter in high quality, a photograph mode for forming a 
photograph image in high quality, etc., offset values corresponding to these 
modes may be stored in the memory 127. With the offset value 
corresponding to each mode extracted from the memory 127, the amount 
of toner consumed under each mode is accurately calculated. 

Still further, while the third preferred embodiment described above 
is related to an application of the present invention to an image forming 
apparatus which comprises the intermediate transfer belt 71 as a transfer 
medium, the present invention is applicable also to an image forming 
apparatus which comprises an intermediate transfer drum, an intermediate 
transfer sheet or the like as a transfer medium. 

<FOURTH PREFERRED EMBODIMENTS 
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Fig. 18 is a drawing which shows a fourth preferred embodiment of 
the image forming apparatus according to the present invention, and Fig. 
19 is a block diagram which shows an electric structure of the image 
forming a pparatus s hown in Fig. 18. In F igs. 18 a nd 19, t he portions 
having the same functions as those used in the first preferred embodiment 
are denoted at the same reference symbols. The structure and the 
counting sequence of the dot counter 200 according to the fourth preferred 
embodiment shown in Fig. 19 are the same as those according to the first 
preferred embodiment described earlier with r eference to Figs. 3 and 4, 
and therefore, will not be described. 

In this image forming apparatus, as a print command is fed to the 
main controller 11 from an external apparatus such as a host computer, the 
CPU 111 of the main controller 11 converts the print command into job 
data which are in a suitable format to instruct the engine EG to operate. 
The engine controller 12 controls the respective portions of the engine EG 
in response to the job data inputted from the main controller 11, whereby 
images corresponding to the print command are formed on a sheet 
(recording medium) S such as a transfer paper, a copy paper and an OHP 
sheet in the unit of a job. 

For instance, in accordance with a command from a CPU 124 of 
the engine controller 12, when the image signal switcher 122 makes 
contact to a pattern generating module 125 (an image forming condition 
adjusting operation which will be described later), a modulating signal 
corresponding to an image pattern outputted from the pattern generating 
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module 125 is fed to the exposure power controller 123, whereby an 
electrostatic latent image is formed. On the other hand, when the image 
signal switcher 122 makes contact to the CPU 111 of the main controller 
11 (an ordinary image forming operation which will be described later), a 
modulating signal generated by the modulating signal generator 210 is fed 
to the exposure power controller 123 based on image data contained in a 
print command received via the interface 112 from an external apparatus 
such as a host computer. The light beam L based on the modulating 
signal exposes the photosensitive member 2, and an electrostatic latent 
image corresponding to the image signal is formed on the photosensitive 
member 2. As a modulation method, various pulse modulation such as 
pulse width modulation (PWM) and pulse amplitude m odulation (PAM) 
can be used. 

The patch sensor PS is disposed facing against the surface of the 
intermediate transfer belt 71. During execution of the image forming 
condition adjusting operation which will be described later, the patch 
sensor PS detects optically image densities of the patch images which are 
formed on t he o uter ci rcumferential s urface o f t he i ntermediate t ransfer 
belt 71. In addition to the patch sensor PS, there is a vertical 
synchronization sensor 72. The vertical synchronization sensor 72 i s a 
sensor for detecting a reference position for the intermediate transfer belt 
71, and functions as a vertical synchronization sensor which obtains a 
synchronizing signal which is outputted in association with rotations of the 
intermediate transfer belt 71, namely, a vertical synchronizing signal 
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Vsync. In this apparatus, for the purpose of aligning the operation timing 
of the respective portions of the apparatus and accurately superimposing 
toner images of the respective colors one atop the other, the operations of 
the respective portions of the apparatus are controlled based on the vertical 
synchronizing signal Vsync. As the vertical synchronizing signal Vsync 
is counted, the cumulative number of revolutions of the intermediate 
transfer belt 71 is found. 

In this embodiment, the photosensitive member 2 thus functions as 
the "image carrier" of the present invention, developer rollers 40K, 40C, 
40M and 40Y thus correspond respectively to a "toner carrier" of the 
present invention, and the transfer unit 7 corresponds to the "transfer 
means" of the present invention. 

Fig. 20 is a flow chart which shows a toner counting process (7) 
during execution of the image forming operation. In this image forming 
apparatus, for the convenience of management of consumables, the CPU 
124 of the engine co ntroller 12 executes the t oner counting process ( 7) 
shown in Fig. 20 and calculates the toner remaining amounts in the 
developers 4Y, ... for the respective toner colors. In short, one page is 
used as the "predetermined unit" of the present invention and the CPU 124 
functions as the "consumption amount calculating means" and "toner 
remaining amount calculating means" of the present invention. While a 
method of calculating the amount of the toner remaining in the developer 
4Y will now be described in relation to the yellow color, the operation is 
the same also for the other toner colors. 
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In the toner counting process (7) shown in Fig. 20, first, the counts 
CI, C2 and C3 of the print dots counted by the dot counter 200 are 
acquired (Step S61). These values are multiplied by predetermined 
coefficients respectively and added to each other, thereby calculating a 
value Ts (Step S62). That is: 

Ts = Kx • (Kl • CI + K2 • C2 + K3 • C3) 
The symbols Kx, Kl, K2 and K3 are weighting coefficients which have 
been determined in advance one each for each toner color. As the 
successive print dots are counted as one group and the respective counts 
are multiplied by the coefficients, the total amount of toner adhering on the 
photosensitive member 2 which serves as the image carrier and 
constituting a toner image, namely, the total amount of "image constituting 
toner" of the present invention is accurately calculated. Such a method of 
calculating a toner amount is described in detail in above-mentioned 
Japanese Patent Application Laid-Open Gazette No. 2002-174929 and will 
not be described here. 

Next, the amount Tr of the toner remaining in the developer 4Y 
stored in the memory 127 of the engine controller 12 is read out (Step S63). 
A value obtained by subtracting the value Ts calculated as described above 
from this v alue Tr is then defined as a new toner remaining amount Tr 
(Step S64). 

Further, this image forming apparatus is known to consume a very 
small amount of toner even when a white image is formed, i.e., even 
during execution of an image forming operation for printing no print dot at 
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all. This occurs as a part of incompletely charged toner or inversely 
charged toner moves onto the photosensitive member 2 from the developer 
4Y or a part of the toner is scattered into inside the apparatus during 
execution of the image forming operation. Adhesion of such toner to an 
image is recognized as fogging. 

Noting that there is a loss of toner separately from the image 
constituting toner mentioned above, an offset value Tov corresponding to 
the driving time of the developer is set (Step S65). With respect to the 
offset value Tov, since the driving time of the developer per image is 
approximately constant in general when the sheet size remains unchanged, 
the offset value Tov is determined in advance for each sheet size and stored 
in the memory 127. In this embodiment, the offset value Tov is 
appropriately changed as needed, considering an operating state of the 
apparatus, a history of use of the toner, or the like (an offset value 
changing operation which will be described later). 

As t hus ca lculated o ffset value Tov is s ubtracted from t he t oner 
remaining amount Tr calculated at the step S64 (Step S66), a new toner 
remaining a mount Tr of t oner r emaining in t he d eveloper 4Y a fter one 
image is formed is identified. The memory 127 is updated with this value 
Tr (Step S67). Steps S68 and S69 which follow are the same as the steps 
S8 and S9 of the toner counting process (1) described earlier with 
reference to Fig. 5, and therefore, will not be described. 

As described above, the total (Ts + Tov) of the sum of products Ts, 
which is obtained from the respective dot counts CI, ... and the weighting 
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coefficients Kl, and the offset value Tov is the amount of toner which is 
consumed when one image is formed. The toner consumption amount is 
calculated every time one image is formed, and subtracted from the 
immediately precedent toner remaining amount, whereby the amount Tr of 
the toner remaining in the developer 4Y at present (at the end of the 
formation of the images) is calculated. 

The fourth preferred embodiment requires to subtract a toner 
consumption amount per image from the amount of toner initially held in 
each developer to thereby calculate the amount of toner remaining in the 
developer upon forming each image. This of course is theoretically 
equivalent to calculation of the total toner consumption amount by means 
of integration of a toner consumption amount per image. Thus, in this 
preferred embodiment, the amount of toner which is consumed when one 
image is formed corresponds to a "toner consumption amount" of the 
present invention, and a value obtained by integrating this amount of toner 
corresponds to an "integrating value" of the present invention. 

It is preferable that in the developers 4Y, ... which are structured to 
be attachable to and detachable from the apparatus body, prior to removal 
of the respective developers from the apparatus body, the toner remaining 
amounts Tr in the respective developers calculated as described above are 
stored in the memories 42 Y, ... Upon attaching of the respective 
developers to the apparatus body, the toner remaining amounts in the 
respective developers stored in the memories 42 Y, ... are read out and used 
as initial toner remaining amounts Tr which are required by the toner 
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counting process ( 7) d escribed above, w hich makes m anagement o f t he 
lifetime of the developers easy. Of course, in the case of a brand new 
developer, the amount of" toner filled in the developer at the time of 
shipment may be stored. 

The reason and an operation of appropriately changing the offset 
value Tov will now be described in detail with reference to Figs. 21A, 21B 
and 22 (the offset value changing operation). 

Figs. 21A and 21B are drawings which show an example of 
changes of a toner particle diameter distribution. Toner which is used in 
this type of image forming apparatus contains toner particles having 
various different particle diameters, and therefore, a particle diameter 
distribution spreads in a certain manner. A phenomenon called "selective 
development," i.e., a phenomenon that the probability of consumption 
becomes different owing to a difference in toner particle diameter, is 
known to occur as an image is formed using toner having such a particle 
diameter distribution. 

This phenomenon has been co nfirmed also t hrough e xperiments. 
Fig. 21A shows an example of actual measurement to identify how a 
proportion (volume %) of toner having small particle diameters of 5 //m 
or less to all toner within a developer changes as images are formed 
repeatedly. Fig. 21B shows changes of an average particle diameter by 
volume of toner which remains within the developer. As shown in Fig. 
21 A, as images are formed over a long period of time and the toner 
consumption amount increases, the proportion of toner having small 
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particle diameters decreases gradually, and in accordance with this, the 
average particle diameter by volume increases gradually as shown in Fig. 
21B. From this, it is seen that as images are formed, uniform 
consumption of toner having various different particle diameters does not 
occur but consumption of the toner having small particle diameters occurs 
first. As images are formed repeatedly and the toner consumption amount 
accordingly increases, the extent of the unevenness of the toner particle 
diameters within the developer, namely, the particle diameter distribution 
of the toner changes gradually. 

Hence, as for how a fogging amount relates to an actual toner 
consumption amount, a simple linear relationship never holds true between 
the two. Rather, a relationship between the two is non-linear in general. 
This is because a fogging-induced toner consumption amount, that is, the 
offset value Tov constantly changes as the particle diameter distribution of 
toner changes as described above. For this reason, if the offset value Tov 
is fixed, it is difficult to accurately calculate a toner consumption amount. 

Once there occurs a discrepancy between a calculated toner 
consumption amount and the actual amount, there is the following 
inconvenience. For example, when one tries to identify the toner end 
based on a calculated toner consumption amount, if there is such a 
discrepancy, one could make a mistake as for the timing of exchanging a 
developer. That is, a user could discard a developer even though there 
actually still is a sufficient amount of toner in the developer, or fails to 
notice that remaining toner is only in a small amount and makes a delayed 
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arrangement to fetch a new developer. In addition, in the event that the 
adjustment of an image forming condition is executed in accordance with a 
toner consumption amount as described later in the modifications, it is not 
possible to adjust at proper timing, thereby arising a problem such as an 
increase of image density variation. Noting this, in this embodiment, the 
offset value Tov is appropriately changed as needed, considering an 
operating state of the apparatus, a history of use of the toner, or the like. 

Fig. 22 is a flow chart which shows the offset value changing 
operation. In the image forming apparatus according to this embodiment, 
at appropriate timing, e.g., for every execution of the toner counting 
process (7) shown in Fig. 20, the CPU 124 executes the calculation 
described below in accordance with a changing operation program stored 
in the memory 127 in advance, whereby the offset value Tov is changed in 
accordance with the operating state of the apparatus, the history of use of 
the toner, or the like. The CPU 124 thus functions as the "offset value 
setting means" of the present invention. 

First, i n attempt to learn about the operating s tate of the image 
forming apparatus, the history of use of the toner, etc., a total print count 
Cp is read out from the memory 127 (Step S71). Steps S72 and S73 are 
then carried out, thereby determining which category the total print count 
Cp belongs to. In this example, the following three categories are 
provided with reference to two criteria Cpl and Cp2 (where Cpl < Cp2): 

0 ^ Cp ^ Cpl 

Cpl < Cp S Cp2 
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Cp2<Cp 

When it is determined that the total print count Cp belong to the 
first category (0 S Cp ^ Cpl) ("NO " at Step S72), the offset value Tov 
is set to an offset value Tovl which corresponds to the first category (Step 
S74). Meanwhile, when it is determined that the total print count Cp 
belong to the second category (Cpl < Cp ^ Cp2) ("NO" at Step S73), the 
offset value Tov is set to an offset value Tov2 which corresponds to the 
second category (Step S75). Further, when it is determined that the total 
print count Cp belong to the third category (Cp2 < Cp) ("YES" at Step 
S73), the offset value Tov is set to an offset value Tov3 which corresponds 
to the third category (Step S76). These three types of candidate values 
Tovl through Tov3 of the offset value may be identified in advance 
through an experiment, simulation or the like and stored in the memory 
127. A relationship between the total print count Cp and the offset value 
Tov m ay be expressed as a function, t he f unction m ay be stored i n t he 
memory 127, and the offset value Tov corresponding to the total print 
count Cp may be identified from the function. 

As described above, according to this embodiment, changes of the 
nature o f toner w ith time a re correlated w ith the o perating state o f the 
apparatus, the history of use of the toner or the like, and the offset value 
Tov is appropriately changed as needed. Hence, even when the nature of 
toner changes, the corresponding offset value Tov can be set. As a result, 
it is possible to accurately calculate a toner consumption amount. 

While the fourth preferred embodiment uses the total print count 
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Cp as a value which directly or indirectly expresses the operating state of 
the apparatus, the history of use of the toner, etc., the value expressing the 
operating state of the apparatus or the like may be the cumulative number 
of revolutions of the photosensitive member 2, that of the developer rollers 
40K, 40C, 40M and 40Y of the developers 4K, 4G, 4M and 4Y, that of the 
intermediate transfer belt 71 (i.e., a count representing the vertical 
synchronizing signal Vsync), an integrating value obtained by integrating 
toner consumption amounts calculated in the predetermined unit (i.e., the 
total toner consumption amount), the amounts Tr of toner remaining within 
the developers 4K, 4C, 4M and 4Y, or the like. 

Further, although the offset value Tov is changed based only on the 
total print count Cp in the fourth preferred embodiment described above, 
the offset value Tov may be changed based on the total print count Cp in 
combination with such a cumulative value described earlier, the 
cumulative number of revolutions, etc. In short, the total print count Cp 
and the cumulative number of revolutions of the photosensitive member 2 
or the like, i.e., two or more of multiple values which express the operating 
state of the apparatus, the history of use of the toner and the like may be 
combined, and the offset value Tov may be changed based on the 
combination of the values. For example, the cumulative number of 
revolutions of the p hotosensitive member 2 may b e combined w ith the 
cumulative number of revolutions of the developer rollers, or the 
integrating value of a toner consumption amount may be combined with a 
toner remaining amount. Using a combination of multiple of values, the 
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offset value Tov which better represents the operating state of the 
apparatus, the history of use of the toner or the like is calculated, which in 
turn allows to calculate a toner consumption amount at a high accuracy. 
< FIFTH PREFERRED EMBODIMENTS 

Fig. 23 is a flow chart which shows a fifth preferred embodiment 
of t he i mage forming a pparatus according t o t he pr esent i nvention. A 
major difference of the fifth preferred embodiment from the fourth 
preferred embodiment described above is that the offset value Tov is 
changed in accordance with an optimal value of an image forming 
condition upon adjustment of the image forming condition. Other 
structures are basically similar to those according to the fourth preferred 
embodiment described above. This difference therefore will now be 
described in detail with reference to Fig. 23. 

The purpose of the image forming condition adjusting operation is 
to adjust an image forming condition at predetermined timing, such as 
immediately after t urning o n o f t he a pparatus o r w hen a p redetermined 
number of images have been formed, to thereby control an image density 
to a target density. According to this embodiment, patch images having a 
predetermined pattern are formed while changing the developing bias, 
which serves as a density controlling factor influencing an image density, 
over m ultiple levels (Step S 81). Next, at the t iming that patch images 
which have been transferred onto the intermediate transfer belt 71 arrive at 
an opposed position facing the patch sensor PS, the patch sensor PS detects 
the image densities of the patch images (Step S82), and a relationship 
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between the image densities and the developing bias is calculated. The 
value of t he d eveloping b ias w hich makes t he image d ensities co incide 
with the target density is calculated based on thus identified relationship, 
and this v alue i s used as an optimal v alue of the developing bias (Step 
S83). 

Once the optimal value of the developing bias has been thus 
calculated, images will then be formed while setting this developing bias to 
this optimal value. The images are consequently formed at the target 
image density. A number of techniques have been proposed as such a 
density controlling technique. Any desired technique such as these 
known techniques can be applied to the present invention. Hence, density 
controlling techniques will not be described in detail. 

By the way, a fogging toner amount may sometimes vary in 
response t o a change made to a n image forming condition through the 
image forming condition adjusting operation. According to this 
embodiment therefore, after optimization of the developing bias, a value 
corresponding t o t he o ptimal value o f the d eveloping b ias i s s et a s the 
offset value Tov (Step S84). Offset values corresponding to various 
developing b iases may b e identified in a dvance t hrough a n e xperiment, 
simulation or the like and stored in the memory 127. A relationship 
between the developing bias and the offset value Tov may be expressed as 
a function, the function may be stored in the memory 127, and the offset 
value Tov corresponding to the optimal value of the developing bias may 
be identified from the function. 
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As described above, according to this embodiment, since the offset 
value is changed to a value which corresponds to the image forming 
condition for every optimization of the image forming condition, even 
when the image forming condition changes, the offset value corresponding 
to the image forming condition is always set and a toner consumption 
amount is accurately calculated. 

Although this embodiment requires to use the developing bias as 
the image forming condition, applications of the present invention are not 
limited to this. For instance, the present invention is applicable also to an 
image forming apparatus in which image forming conditions such as the 
charging bias and/or the exposure energy are optimized. Since a fogging 
amount in particular is largely influenced by a difference between the 
surface potential of the photosensitive member 2 and the developing bias, 
i.e., a so-called reverse contrast potential, it is most preferable to apply the 
present invention to an apparatus in which the developing bias serving as 
the image forming condition is optimized, an apparatus in which the 
charging bias serving as the image forming condition is optimized, or an 
apparatus in which both the developing bias and the charging bias serving 
as the image forming conditions are optimized. 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
embodiments above, to the extent not deviating from the object of the 
invention. 

For instance, although the fourth and the fifth preferred 
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embodiments described above require to calculate a toner consumption 
amount every time one image is formed during the ordinary image forming 
operation, the "predetermined unit" of the present invention is not limited 
to this but may be freely determined. Upon reception of an image 
forming r equest w hich d emands a p lurality o f images t o b e f ormed for 
example, a toner co nsumption amount may be calculated a fter all t hese 
images are formed or every time a predetermined number of images are 
formed. 

In addition, although the fourth and the fifth preferred 
embodiments described above are directed to an application of the present 
invention to an image forming apparatus which comprises the intermediate 
transfer belt 71 as an intermediate transfer medium, the present invention 
is applicable also to an image forming apparatus which comprises an 
intermediate transfer drum, an intermediate transfer sheet or the like as an 
intermediate transfer medium. 

<SIXTH PREFERRED EMBODIMENTS 

Fig. 24 is a block diagram which shows an electric structure of the 
image forming apparatus according to a sixth preferred embodiment. An 
internal structure of the i mage f orming apparatus according to the sixth 
preferred embodiment is the same as that according to the fourth preferred 
embodiment shown in Fig. 18, and therefore, will not be described. 
Further, in Fig. 24, the portions having the same functions as those used in 
the f irst a nd t he f ourth pr eferred e mbodiments a re d enoted a 1 1 he s ame 
reference symbols. 
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The sixth preferred embodiment does not comprise the image 
signal switcher 122 (Fig. 19) and the pattern generating module 125 (Fig. 
19) which are used in the fourth referred embodiment, but instead 
comprises a pattern adder 129. The exposure power controller 123 has 
the same function as the exposure power controller 123 according to the 
first preferred embodiment, except for that this exposure power controller 
123 is capable of directly receiving a signal from the pattern adder 129 and 
a signal from the modulating signal generator 210. The structure and the 
counting sequence of the dot counter 200 shown in Fig. 24 are the same as 
those according to the first preferred embodiment described earlier with 
reference to Figs. 3 and 4, and therefore, will not be described. 

In this image forming apparatus, as a print command is fed to the 
main controller 11 from an external apparatus such as a host computer, the 
CPU 111 of the main controller 11 converts the print command into job 
data which are in a suitable format to instruct the engine EG to operate. 
The engine controller 12 controls the respective portions of the engine EG 
in response to the job data inputted from the main controller 11, whereby 
images corresponding to the print command, namely original images, are 
formed on a sheet (recording medium) S such as a transfer paper, a copy 
paper and an OHP sheet in the unit of a job. 

The exposure unit 6 irradiates the light beam L upon the outer 
circumferential surface of the photosensitive member 2 which is charged 
by the charger unit 3. As shown in Fig. 24, the exposure unit 6 is 
electrically connected with the exposure power controller 123. Based on 
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a modulating signal fed via the pattern adder 129, the exposure power 
controller 123 controls the respective portions of the exposure unit 6, 
whereby the photosensitive member 2 is exposed with the light beam L 
and an electrostatic latent image corresponding to the image signal is 
formed on the photosensitive member 2. 

For instance, as a print command is fed via the interface 112 from 
an external apparatus such as a host computer, the modulating signal 
generator 210 generates a modulating signal corresponding to image data 
of an original image contained in the print command for each toner color 
component, and supplies the modulating signals to the pattern adder 129 of 
the engine controller 12. The pattern adder 129 comprises a memory (not 
shown) which stores the image pattern of the special image SI shown in 
Fig. 26 mentioned earlier. As for a color component which is hard for 
human eyes to recognize (the yellow color in this embodiment), the pattern 
adder 129 adds the image pattern of the special image SI to the modulating 
signal co rresponding to the o riginal image, and t he resultant composite 
signal is fed to the exposure power controller 123. As for each of the 
remaining color components, the exposure power controller 123 receives 
the modulating signal corresponding to the original image as it is. 
Provided w ith t he co mposite s ignal t hus generated, t he ex posure p ower 
controller 123 controls turning on and off of a semiconductor laser of the 
exposure unit 6, whereby electrostatic latent images of the respective color 
components are formed on the photosensitive member 2. As a 
modulation method, various pulse modulation such as pulse width 
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modulation (PWM) and pulse amplitude modulation (PAM) can be used. 

Fig. 25 is a flow chart which shows a toner counting process (8) 
during execution of the image forming operation. In this image forming 
apparatus, for the convenience of management of consumables, the CPU 
124 of the engine co ntroller 12 executes the toner counting process (8) 
shown in Fig. 25 every time one image is formed, and calculates the toner 
remaining amounts in the developers 4Y, ... for the respective toner colors. 
In short, in this embodiment, one page is used as the "predetermined unit" 
of the present invention and the CPU 124 functions as the "consumption 
amount calculating means" of the present invention. While a method of 
calculating a toner consumption amount and a method of calculating the 
amount of the toner remaining in the developer 4Y will now be described 
in relation to the yellow color, the operation is the same also for the other 
toner colors except for an offset value. 

In the toner counting process (8) shown in Fig. 25, first, the counts 
CI, C2 and C3 of the print dots counted by the dot counter 200 are 
acquired (Step S91). These values are multiplied by predetermined 
coefficients respectively and added to each other, thereby calculating a 
value Ts (Step S92). That is: 

Ts = Kx • (Kl • CI + K2 • C2 + K3 • C3) 
The symbols Kx, Kl, K2 and K3 are weighting coefficients which have 
been determined in advance one each for each toner color component. As 
the successive print dots are counted as one group and the respective 
counts are multiplied by the coefficients, the total amount of the toner 
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adhering on the photosensitive member 2 which serves as the image carrier 
and constituting toner image of the original image, namely, the total 
amount of "image constituting toner" of the present invention is accurately 
calculated. Such a method of calculating a toner amount is described in 
detail in Japanese Patent Application Laid-Open Gazette No. 2002-174929 
mentioned earlier and will not be described here. 

Next, the amount Tr of the toner remaining in the developer 4Y 
stored in the memory 127 of the engine controller 12 is read out (Step S93). 
A value obtained by subtracting the value Ts calculated as described above 
from this v alue Tr is then defined as a new toner remaining amount Tr 
(Step S94). 

Further, this type of image forming apparatus is known to consume 
a very small amount of toner even when a white image is formed, i.e., even 
during execution of an image forming operation for printing no print dot at 
all. This occurs as a part of incompletely charged toner or inversely 
charged toner moves onto the photosensitive member 2 from the developer 
4Y or a part of toner is scattered into inside the apparatus during execution 
of the image forming operation. Adhesion of such toner to an image is 
recognized as fogging. In addition, since the yellow (Y) color is the color 
component used in forming the special image SI which is superimposed on 
the original image. This results in an additional consumption of yellow 
toner for the special image SI on top of the image constituting toner. 

Noting that there is a loss of toner separately from the above- 
mentioned image constituting toner owing to such a phenomenon, an offset 
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value Tos corresponding to the driving time of the developer is set (Step 
S95). With respect to the offset value Tos, since the driving time of the 
developer per image is approximately constant in general when the sheet 
size remains unchanged, an offset value Tos is determined in advance for 
each sheet size and stored in the memory 127 which corresponds to 
"storage means" of the present invention. 

Since t he toner color of the special images SI is yellow in this 
embodiment, a yellow color offset value Tos is set to be larger than the 
offset values Tos for the other toner colors. In other words, while it is 
necessary to consider all toner colors as for fogging as customarily 
practiced, with respect to the special image SI, only the yellow color needs 
be considered. For this reason, the yellow color offset value Tos is set to 
a larger value than the offset values Tos for the other toner colors. 

Thus set offset v alue Tos is subtracted from the toner remaining 
amount Tr calculated at the step S94 (Step S96), a new toner remaining 
amount Tr of toner remaining in the developer 4Y after one image is 
formed is calculated. The memory 127 is updated with this value Tr 
(Step S97). Steps S98 and S99 which follow are the same as the steps S8 
and S9 of the toner counting process (1) described earlier with reference to 
Fig. 5, and therefore, will not be described. 

As described above, the total (Ts + Tos) of the sum of products Ts, 
which is obtained from the respective dot counts CI, ... and the weighting 
coefficients K 1, and the offset value Tos is the amount of the toner 
which is consumed when one image is formed. The toner consumption 
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amount is calculated every time one image is formed, and subtracted from 
the immediately precedent toner remaining amount, whereby the amount 
Tr of the toner remaining in the developer 4Y at present (at the end of the 
forming of the images) is calculated. 

This embodiment requires to subtract a toner consumption amount 
per image from t he a mount oft oner i nitially held i n ea ch d eveloper t o 
thereby ca lculate the amount of toner remaining in the developer upon 
forming of each image. This of course is theoretically equivalent to 
calculation of the total toner consumption amount by means of integration 
of a toner consumption amount per image. Thus, in this preferred 
embodiment, the amount of toner which is consumed when one image is 
formed corresponds to the "toner consumption amount" of the present 
invention. 

It is preferable that in the developers 4Y, ... which are structured to 
be attachable to and detachable from the apparatus body, prior to removal 
of the respective developers from the apparatus body, the toner remaining 
amounts Tr in the respective developers calculated as described above are 
stored in the memories 42 Y, ... Upon attaching of the respective 
developers to the apparatus body, the toner remaining amounts in the 
respective developers stored in the memories 42 Y, ... are read out and used 
as initial toner remaining amounts Tr which are required by the toner 
counting process ( 8) d escribed above, w hich makes m anagement o f t he 
lifetime of the developers easy. Of course, in the case of a brand new 
developer, the amount of toner filled in the developer at the time of 
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shipment may be stored. 

As described above, according to this embodiment, the offset value 
Tos of yellow toner is set high, considering that yellow toner, which 
corresponds to the color component of the special image SI, is excessively 
consumed compared to toner of the other colors when the special images 
SI is superimposed on the original image. Hence, it is possible to 
accurately calculate the toner consumption amount of yellow toner. Of 
course, it is possible to accurately calculate the toner consumption amounts 
of toner of the other colors, too, as the offset values Tos corresponding to 
the respective other toner colors are set. 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
embodiments above, to the extent not deviating from the object of the 
invention. 

For instance, a lthough t he s ixth p referred em bodiment described 
above requires to calculate a toner consumption amount every time one 
image is formed during the ordinary image forming operation, the 
"predetermined unit" of the present invention is not limited to this but may 
be freely determined. Upon reception of an image forming request which 
demands a plurality of images to be formed for example, a toner 
consumption amount may be calculated after all these images are formed 
or every time a predetermined number of images are formed. 

Further, although the sixth preferred embodiment described above 
is directed to an application of the present invention to an image forming 
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apparatus which comprises the intermediate transfer belt 71 as an 
intermediate transfer medium, the present invention is applicable also to an 
image forming apparatus which comprises an intermediate transfer drum, 
an intermediate transfer sheet or the like as an intermediate transfer 
medium. 

In addition, although the sixth preferred embodiment described 
above r equires t o form the s pecial image S I using yellow t oner among 
toner in the four colors of yellow, cyan, magenta and black, in the event 
that the t oner w hich co rresponds t o t he co lor co mponent o f t he s pecial 
image SI is other than yellow, the offset value corresponding to this toner 
may be set higher than those for the other toner. 

Still further, the pattern adder 129 which adds the special image SI 
to the original image is disposed to the engine controller 12 in the sixth 
preferred embodiment described above, it is needless to mention that the 
special image SI may be added by the main controller 11. 

The present invention is not limited to the preferred embodiments 
above, but may be modified in various manners in addition to the preferred 
embodiments above, to the extent not deviating from the object of the 
invention. 

MODIFICATION COMMON TO FIRST, SECOND, AND 
FOURTH THROUGH SIXTH PREFERRED EMBODIMENTS> 

For instance, although the first, the second, and the fourth through 
the sixth preferred embodiments described above use such a structure that 
the toner end is a cknowledged when the remaining t oner amount Tr is 
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smaller than the minimum toner amount Tmin, other control may be 
executed based on a calculated toner consumption amount or a calculated 
remaining toner amount. The timing of executing the image forming 
condition adjusting operation described above may be determined based on 
the remaining toner amount, for example. That is, the image forming 
condition adjusting operation may be executed when the remaining toner 
amount has reached a predetermined value. Characteristics of toner 
within a developer gradually change and an image density also changes in 
accordance with this in some cases, and hence, to determine the timing of 
executing the image forming condition adjusting operation in accordance 
with whether the remaining toner amount is large or small is effective in an 
effort to stabilize image densities. An alternative is to assume, from the 
total toner consumption amount, the amount of toner removed f rom t he 
photosensitive member 2 by the cleaning blade 51 of the cleaning section 5 
and thereafter collected into a disposed toner tank (not shown) of the 
cleaning section 5, and to estimate a remaining free capacity of the 
disposed toner tank based on this value. 

MODIFICATION COMMON TO FIRST THROUGH FIFTH 
PREFERRED EMBODIMENTS> 

In addition, for instance, although the first through the fifth 
preferred embodiments described above are directed to an image forming 
apparatus which is capable of forming a full-color image using toner in the 
four colors of yellow, cyan, magenta and black, the colors of toner and the 
number of the colors are not limited to this but may be freely determined. 
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The present invention is a pplicable a lso t o a n a pparatus w hich forms a 
monochrome image using black toner alone for example. 

MODIFICATION COMMON TO FIRST THROUGH SIXTH 
PREFERRED EMBODIMENTS> 

In addition, for instance, although the dot counter 200 is formed as 
an independent functional block in the first through the sixth preferred 
embodiments described above, the dot counter may be realized by means 
of software, using a program which is executed by the CPU of either the 
main controller 11 or the engine controller 12. 

Further, although the first through the sixth preferred embodiments 
described above are directed to an application of the present invention to a 
printer which receives image data from outside the apparatus and performs 
the image forming operation which is based on an image signal 
corresponding to the image data, it is needless to mention that the present 
invention may be applied to a copier machine which internally generates 
an image signal in accordance with pressing of a copy button for example 
and executes the image forming operation based on this image signal, a 
facsimile machine which receives image data fed on a telecommunications 
line and carries out the image forming operation, etc. 

Although the invention has been described with reference to 
specific embodiments, this description is not meant to be construed in a 
limiting sense. Various modifications of the disclosed embodiments, as 
well as other embodiments of the present invention, will become apparent 
to persons skilled in the art upon reference to the description of the 
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invention. It is therefore contemplated that the appended claims will 
cover any such modifications or embodiments as fall within the true scope 
of the invention. 



